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PREFACE. 


I\ lookin^^ back over the past ten or twelve years, it is dif- 
tioult to realize tlie rapid advance made in combating the 
insects and fungi which attack onr cultivated plants. It is not 
going too far to say that the discoveries made within this 
period have worked almost a revolution in certain lines of 
agriculture. So plieiminenal lias lieen tlie progress in this 
din'ctiou tiuit we are soinetiines led to think tliat wc have gone 
forward too fast, for in onr intense desire to make the work 
ihoroiiglilv practical we have, in many case.s merely skimmed 
tlie surface, overlooking some of ttie most important funda- 
mental (piestinns involved. However this may be, the fact 
remains that America to-day stands well to the front in the 
discovery and application of practical methods of dealing with 
the nninovous insect and fungous enemies of cultivated plants, 
'the advance in tliis department has been so rapid that it has 
lianlly been possible foi’ investigators to keep track of all that 
has been written on the siiliject, nor has it, under the circum- 
stances, been an easy matter to pause and consider what is to 
be the final outcome of work of this kind. 'I'iiis seems to be a 
fitting time, therefore, to take abroad survey of the subject in 
order that we may see where we stand. Mr. Hodeman has 
done this in tlie present volume, in whicli is given a clear, con- 
cise statement of the existing condition of our knowledge on 
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the sprayin" of plants inid the fmulamontal principles under- 
lying this operation, 

As to the future, it can only he said tliat the juosjK'et for 
broadening the work so well begun is exceedingly ]>i'oiuising. 
As yet it cannot he stated tliat we have a welUlejined science 
of plant pathology, but gradually the i n vest igal inns and thought 
in this direction are l>eiiig crys(ulltz>‘d. It is now realized that 
to truly understand and appreelatt' patliological pluumiiiena wr 
must he familiar with physiology, the iiorinal life jtroeesses nf 
plants. After all. the highest aim uf the invr>tig:itnr in this 
field of research is not to deal milv with elTeets as he finds 
them, but to study causes, as it is mily by this miMns that 
the true nature of many of the phenomena involved ean be 
obtained, tollowing tlii' line, we -Itall in the future liHik i<ir 
a science capable «*f elucidating tl,.- pniblctns wliieh form the 
very basis of agricultural and horticultural pursuits, 

It. r. 

Wash 1X0 TO. V, D.C. 
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THE SPRAYING OF PLANTS. 

Part I. 

THE imTOHr .1X1) I’KIXCIFLES OF 
tSFlUlTXU. 

CHAPTER I. 

KAULY uisTany <fy LiQrm AVPLirATioss. 

Man'.s jMWi'r <iviT till* (>r;;;iuisiiis wlncli iiijniv cultivated 
I'liiiits m-vcr S{» as it is at tin* pn-si'iit tiin*-. One by 

titii* tlii'si' rriniiii'S liavc ln-i’ii can'fiilly ri mlii-d, the liisfory i»f 
their lives drlertniued, atnl tlieir hal'its ohserved. Only by 
nnderstainliiij; tlietn tliorfniLtlily can |ii'njH‘r stejis )u> taken to 
check their ra\a>tes in tin* rtii'*>t i‘Cfiniiiiiical and etlirient man- 
ner; yet it is « it hill conif’aral iiely recent years that tliis first 
.step \\;is t.aken fu <difain tin* rmisfery <ivei' tlieiii. Kurmerly, 
wlieij ;i pe-l injured a j'lant. it ^\:\s tin nucdinninii jinictice io 
ap]ily any retncilies (u- rn.aterials tfiat came lu hand, reeanlle.ss 
of their j»rnbable ellicieiicy. b was imt tienerally t lie weakest 
pciinf (it tin* nreani.sni that was assailed. In inatty eases it wtis 
md I’ven the pnijwr (ir^MiiiMn whii’h was lield resjionsible for 
the injury. Nevi-rl heh-ss many valnalih* dis('(iveries came fn'in 
these varied ami desidtory treatments, and .some of the remedies 
mo.st hii,dily prizi'd td-day wen* discovered merely by chance, 
not very many years a.^o. 

Present ktio\vledi;e and methods of investigation, largely 
founded upon this ex[)erience, enable us to arrive at coiiclu- 

1 
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sions wliii'li, from t!io outset, ;uv funmlea upon n sontM and 
logioal I'usis, It is forlnmito that this is tlie rase. The iiumt)er 
of'' tlie enrmies of rullivatrd plants Is either now move immeruus 
than formerly, or the attarks are miirh more imergrtir. It is 
umlouhredly tru.' that the maladies of riillivaled jdaiits are 
muoh more widespread- Tliis fact is mostly due to the greater 
food >u[>plv, and to the greater ease \^ith wiiieh most of the 
injurious loiiiis eaii j'ass li'oin one j'art of the roiinti’^ to an- 
other, berause the eiiitiv.deil areas lie >0 elo>e togeiher. If a 
plant is grown to an\ <'on>idi‘rai'le extent, it is easy liu' its ene- 
mies to spread over tli»‘ I'litire region lu wliirii it is ('idtivated, 
rhvsioal harriers are almost uithmit value in eh.vkiiig this 
spreading I'l tlisease. Tlie oeean is only a jiaiiial i-xeejiiioii, 
since such close means nl eommimii'atiiai have lieen e>{alilislie)| 
between all ]'arts i.f tin' globe ihat this nl.>tai-!e is now of little 
avail. Some diseas.'s liave not yet been able to ov.-rpa-s it, but 
.as it has jii'oved of lit lie hiiidr.nie*' in so many ea>es. it isju'obable 
that ultimately the einmiie,'- and disea>es o| phmts \^ill be as 
wide.spread as are ilu- j.laiits uj’oii wliieli tliey tlonri'-ii. ^Veedy 
plaids, insects, and )'o"ibly abo iimgi. are tn'niieiiily more 
destructive in a new country than in their ojii home, i hey aie 
freed from the eutniiie- i'T eondiii<iii'- whieh iMi ini-riy kept them 
in check, aiul in sotnt* rases they are i he caii'-- of \ er\ vrioU'^ dis- 
turhanee. altliough origiiiallv they may mU iia\e been markedly 
<|e^t nictive, 

Tanners a?id fruit growers e.ninot fenee.m! the nian\ forms 
of inseeis and fungi ^^ hieh Ii\e u]'oii tle-ir i-fops ami whii'h are 
as atixioti.s for a h,trve>t as the grower It i» a fight beh\e*'ti 
the grower ami tin* jw‘>i. and il mii^l U' admit led t hat 1 he latter 
has generally had the be>t of tiie jiaiile. Tlie f.armer lias not 
heen projs-rly e.|iilpped. lie Ini', often liad invisible foe;, to 
Contend with. — Joe,- which he did not nmlerstaiid. ami whieh 
lie could not ass.iil. [1 freijiiently occurreii tliat an entire crop 
wa.H ruined in a (lay or twn, and the l■alrse remained nnseen and 
unknown; and even if it was vi-tble. almo-t the oidv remedy 
iiyion whiidi the grower cmild rely with certainty was mere 
force, first (‘afi’liing the pest ami then ile-troxing it. .Vs this 
oouVWie done wil\i ]>roVit oidv in ran- case-, it was \ift\e better 
than no remedy, and f/ie ge/jeia/ re-n/t w.a- f/;af f/ii? m.seet or 
the fungus obtained an aiii[)le suj.ply of nouri.shmeut. and iho 
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wh:il \v:is left. tlii.s tiictliod is still fol* 

lo\Vi‘(l liy ttiaiiy cnltiN ators, l»ut il is nut tin,* salcst, iior is it the 
most prolilalilr oiif. 

'I'he liest is ;rf.[i«‘raily tlit* nio>t prolifalile (.'ojiiinoflity, Junl tlie 
poorest is llie lra>( so; aini (lie ;^ro\sei'ol ti/-<iay lias it in liis 
power to pi'ixliii'e tin* liest. Il eiilirely \\ jtli Itiio wiietlier 

his appN's shall he wia iny i»r not, w In-tlier liis trees shall retain 
their l'ulia;,o‘ or lu.-^e i( iVoio di.xea'e. 1’iiere art' few evils that 
alfeel his <'i'op.s uliiefi he caiiiiut eiinli'itl. in tnaiiy eases almo>t 
ahsolulely. Only a few di'eaM's leinain uliieli >lill refuse to 
suhtuit to treatineiif. Init the iimiiher is rapidly del■reasillp^ and 
llie time \\ ill 4'<inie \\ Ill'll tlie^e al'^o will dl^i Iu.m,- Mime vulnerable 
jHiiiit wliudi will allow of their de>lvuetion, 

I'oremosi anion;; t he o[«Ta1 ion s by means nf wliidi eultivated 
plants are protected from their eiieniies. i-> 'j.iayinpn 'idiis con- 
sists ill throw in, upon plaiiis any tluids. or seiiii-tluids. in ihe 
form of a line rain or mist. It r<--ls upon tin- Lji-neral prim ijde 
«if e<iverin;; lie* jdants.or the jiarts ef plants tube ]troterie»i. with 
a tliiii init uniforni layer nf Mune material tliat is j>iiiscpm)ns. 
eaiislie, or offensive in (he o|oaiii-iii whieli it is de-ired to de- 
stroy, d'lie \\ord sprayino." as iimleistood in tliis coiineetion, 
lias lidt been in ;;i'iieral nsi- iinne tlian ten or tilteen yai's, for 
the ((pei'af ioii pre\’iotis to this liiDi- Was praet iei'd only to a very 
liinitefi I'xteiit. It was then referred to as ■* syrin-in;^'," from 
tile faei that hand svrinees were iienerally iiseij as a iiiean.s of 
inakine the applii’al ions. I his term is still in eomnion u.'e 
ainone florists and eardmiers. whose dailv dntv it is to throw 
water upon tindr jilants either for (he purpose of proinofiin; 
po-owtli. or ill order to keep I hem free from foi'ei^ui matter, 
sueli a.s insects or dnst. It is essentially a term which, in this 
eonniry, is user! in I'otmertion with plants urown wiiollv or 
partially in a ]L,M‘eeiiIi<in>e m- in some similar stnu'lnre. Spray- 
111 ]^. on tlie other hand, is a term now used by farmers and 
frnil-orowers to de.sii^nate a similar opeiatuni, Imt tin* plants 
treated are ewtively vw\t ot dviovs. and pure water rs 

rat’elv n.seih 1 he operation of hntli syrineiiio and spraying j,:, 

however, the same; namely, the throwing of liipnds, more or 
les.s liiiely divided. Upon jvlaiils or otlier objects. 

it is im^'sissihle to tell when ]dants vvere tlvsl syringed. It 
ia very probable that the value of (be ojKoation w;n 4 umb'rstcKHf 
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as soon as the cultivation of plants l^ej^an to attract serious 
attention. The immediate causes winch led to the practice 
were undoubtedly the same as those now existing. Foliage 
almost invariably looks brighter and fn*.shiTw)ien wet, and oije 
instinctively feels that if the apjwa ranee of a plant is iin])roved 
by a certain operation, the general liealth of the plant is 
improved to an equal degree. The removal of insects or any 
injurious substances vvouUl have a similar effect, and all gooil 
gardeners would feel a temptation to inqmove their plant.s in this 
simple way. 

Insects and diseases have unque.stionably troubled cultivators 
from the time plants were first grown. Keineilies would natu- 
rally be sought, and it ap{KMrs that these older gartleners were 
controlled by the same feeling which even ttnlay often mani- 
fests itself in connection with the taking cjf medicine ; the 
worse the drug smells or ta.stes. tlie more gewd it is sn[qM'>se<l to 
do. Early in the seventeenth cent tirv rarkinson advised the use 
of vinegar to prevent canker on trees, ami the ivctmnnendal ion 
wassupposed to rest upon a very firm foiimlatinn.^ One old 
record “giving instructions for making liquid appliratimis of an 
insecticide reads as follows: '* C’antliarides {('auMriths) are 
flies which attach themselves to tliebratichi‘s near I lie upjH-r parts 
of trees, especially on the ash. 'riiey may be <lesi roved by 
pouring or throwing on the tops of the tree.s, by means of a 
small pump, water in which has been boiled some i ne.“ Jima 
graveolens is probably meant, 'i'his lieili has a strong, heavy, 
and very disagreeable odor, and a .sharp, bitter (a.<t4“. If sneh 
qualities make a plant a gmid in.wtichle, rue should lx* one of 
our most valuable remedies. It seems very {-robable that the 
idea of selecting materials which are offensive to t lie souses was 
uppermost in the minds of those who first iiad wca.'^ion to n.se 
them, for most of the earlier sub.stancc.s recorniiiended are of 


John Parkinson, “ Paradis ns,” The OrdorlnR of the Orriiaol, ('hap. till, .ViC 
1629: “The canker is a shrewd whfn it happ^'n.-lli I.. a Ir.o' fur ll' will 

eate the barke round, an>l so kill the very heart In a lin).< s;ar,.. It 1 k> 

looked Into in time before it hath ninni' loii farre ; must iie ti dix* whullv rijt away 
as much as Is fretted with the ranker, ami then dr.-s*,' it, or w.-t It with' t liiryar or 
cowes pisse, orcowes dune and urine, kr. umiH it desirov.nl. md aflfT heal.sl 
a^aine with your aalrc before aiipointwl.” 

Famei^' Jartinage,” m, 1711. See also Deane. "The Newen^Und 
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this 'Jjnaracter. A great variety of materials must have been 
tested again and again by various persons independently of each 
other. Those materials -which possessed real or imaginary reme- 
dial valiie.s, or which from tlieir very nature appeared to possess 
them, remained in u.se until .something that promised better 
could be found. Thus it came that at the close of the eigh- 
teenth century, and early in the nineteenth, the number of 
things recommended against various diseases -was large, and 
some of tlie compounds jiossessed considerable insecticidal 
value. The following examples may heni ])e cited : 

“In the 3 ^ear 17d:i, there apjK^ared in the papers of Marseilles 
a reniedy for plant-lice. Tlie applications should be made by 
means of a small tin syringe having a nose pierced by about 
otie thousaTul holes. 'I'be instrument is filled with water in 
which lime lias been slaked, previously mixing with the clear 
1 liquid some bad tobacco, finely powdered ; tliis .should be used 
at the rate of a handful to two liters of the liquid. The trees 
are syringed witli the mixture, and although tlie foliage remains 
uninjured the pests are destroyed. But after four or five days 
the trees .should be again syringed, using clear water." ^ 

“But many of the plant-lice may be destroyed by passing the 
leaves \i\Hm wliich they are found l>e tween two sponges wet 
with tobacco water. (Irouml tobacco ]X>wder spread upon the 
insects will kill tliein instantly. One may also use with it the 
water of slaked lime op of strong soap, S(X)f,sage, hyssop, worm- 
wood, and other bitter or strong-smelling lierbs. Soot, lime, 
and soap have tlie disadvantage of staining the leaves, fruits, 
ami tlie plants to which they are applied. 'Pobacco and worm- 
wood leave small particle.s upon the portions treated. Other 
materials are often without value. Tansy, hellebore, rue, leek, 
bitter gourd, and long jx'p^ier iiave the disadvantages men- 
tioned above. Petroleum, turivuitine, and other oils are also 
recomtnemled; but care must l>e taken in their use, since they 
also act upon the plants, making them sick or even killing 
them." ^ 

“ First wet the trees infested with lice, then rub flowers of 
sulpliur upon the ijisects and it will cause them all to burst."* 


A. K. Ooi'io, “Uc!»chich1c dn!gt>r whSillichon InftecteD.” 

166 . 

* 164 . 


Letpdf, ltS7, 


» ibid. 16 S. 
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The Spraying of Plants. 

Forsvth in 1701,i gave directions for Uie preparation of tfcom- 
pound which became generally know'ii as •• Forsyth’s Composi- 
tion." The ingredients were apparently standard remedies at 
this time, and Hiey persisted long after his conii>osition went 
out of use. It was made iis follows : 

“Take one bushel fresh cow dung, one-half bushel lime rul)- 
bish from old buildings, one-lialf bushel wood aslies, one-six- 
teenth bushel pit or river sand. The last thret‘ are to be sifte<l 
fine before they are mixed. I hen work them well together with 
a spade, and afterward with a wooden heater until tin* stuff is 
very smooth, like tine plaster used for tin* ceilings of rooms." 

Soap-siids or urine was used to make the composition of the; 
consistency of jdasler or paint. 

After being applied it was covereil with a sifting of powder 
made of “dry powder of wood ashes, mixed willi the sixth part 
of the same rpiantity of the ashes of hurnt hones." 

This competition wa.s recommended to cure disease, defect.s, 
and injuries of plants. It was h»‘ld to bf particularly valuable 
in promoting the healing of won mis, and was cuinmonly used to 
fill cavities in trees. 

Karly in the history of the treatment of plant diseases, paints 
and washes were in general use. They were appli<'d by mean. s 
of brushes, or the plants were actually washed with a rag or 
sponge, so that they were very thoroughly cleaned. 'I' his ju actice 
is by no means out of date, for it is still one r)f tin' regular diitii's 
in good greenhouse managenient to wasli many <if tlie plants in 
order to keep the foliage clean ami liealthy. Soaj) nr .some 
similar sub.stance is still generally adtled to tin* water, a.s w.xs 
formerly done. Thi.s alkali could always be remiily r)htained, 
and as it posses.se.s decided merit a.s a destmvor of ci*rtaiti in- 
sects, it was at a verj* early (hiy regarded as a valuable remedy. 

We have another interesting note in tlie following extract 
in which the destruction of the cankrr-worm is desired ; 

“There are several exfKjriments I could wish t<j have trier!, 
for subduing these in.sects: Such a.s burning brimstmie umler 
the trees in a calm time; — or piling dry ashe.s, or dry, h)os (5 

> Oath regarding the correctnenfi of the directions was madr at the T.and Ucvcmio 
Office, tn Scotland Yard, the eleventh day of May, 1710. 

‘Samuel Deane, D,D. {vice-jtrpsldont Bftwdolrr Collci;i>), “The Newengland 
Farmer, or Georglcal Dictionary,’' secoud edition, rs»7. 
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saiA round t}io roots of trees in tlie sj)riiig; — or throwing 
powdered quicliliine, or soot, over tije trees when they are wet; 
— or sprinkling lliein, about tiie beginning of June, with sea 
water, or water in which Wdi inwtHKl, or walnut leaves, have 
been boih*d; — oi' with an infusion of ehlei’, from which I 
should entertain some hojx! of success, 'riie li(pii<l may be 
safely ai>plied to all t lie parts of a tree by a large wooden syr- 
inge, or sijnirt- 

'* I slionld snpjKise that tlie best time for making trial of these 
methods would )>e mkjii after the worms are hatclied : for at 
that stagtr of their existence they are tender, and the more 
easily killed, S(jmetime.s a frost happening at this season has 
destroyed them. 'I'liis 1 am told was tlie case in some places 
in tlie year 17 !) 1 .” 

I'orsytli ^ recoin mended the following mixture for the de- 
struction of aphis : 

riislakeil lime I peck. 

Water gallons. 

Allow this to stand thri*e or four days, stirring two or three 
times )»*r day. It was apjdied ly means of a syringe. He 
reeomniended ^the same mixture for tlie destruction of acarus, 
or red spider. l)nt .said that pure w.ifi'r M audd aJsO' a7i.sw6r the 
jmrposf. Krjr plants in Imt houses the use of pure water alone 
Was advised. Against insects on melons, however. lie said ^ that 
the plants should tirst be waslied with water, and tlien again 
wash(*d with a mixture of urine and soajvsuds, using a rag. 
It is also stati’d^ that several Kiiglish imrservmen used train- 
fwijale-j oil against (‘ocens, or scale /n.s<^c/,s on /d;mfs\ Jt tr.ij? 
applied with a tuush, Imt the author cl.ainis that it was not an 
etlicicnt renu'dy. Nevertheless it was extensively used in some 
parts of Kiigland. 

During the early years of this century a great many sul>- 
staiices were recommended both in tliis ctmiilry and in Kurope 
for tin; de.structioii of tlie enemies of cultivated jdants. 
^h'lition^ is made of the following articles which were to 


’ William VnrtivUi, “ A TTpatisc mi Cuhiw ami Matia^remotil 
Anifrioiiii wim„ii iMlitfil liy WtllUni IMvi, ns, 

* I'H. ' * IhM. ITtl. 

• J. Thactiur, M.p,, “ ADicriCM Orclianltst," tSW, 104 


t'f FniW Treesk,” 
* Ibid. 179. 
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be used against tlie apple-tree borer, an insect tliat is d^ig- 
nated as a “ |•'ernicious reptile " bvllte author. After digging 
out the borer, till the cavity al>out (he base id tlie tree with 
“flax rubbish, sea-weed, a.shes, lime, sea-shells, sea-sand, mortar 
rubbish, chav, tanner’s bark, leather scraps, etc,” I can And 
no record of careful experiments having been made with these 
articles, and it is not improbable tliat some of them were 
recommended without actual trial, as is sometimes done evem 
to this day, simply on tlic ground tliat tlie remedy “ouglit” 
to be of value. It is also stated,* tpioting from the “ Massaehn- 
setts Agricultural llejwrts,” tliat rJosiah luiapp, of Huston, in 
1S14. u-sed air-slaked lime witli success against the eaiikei-worm. 
He applied it thickly about tlie luise of the tree. Later exj^eri- 
ments have shown that this is of little iamefit in checking the 
ravages of the insect. 'Fhe mse of air-slaked lime i.n said to 
have been successful in the destruction of slugs found on the foli- 
age of fruit trees, and this i.s still one of the best remedies we 
possess. Tar water also juoved to have the junver of in>taiitlv 
killing the slugs witli wliicli it came in contai't. It was pre- 
pared by pouring water on tar and allowing it to stand for 
two or three days. This gave a strong infusion and was said 
to be very effective. 

Several remedies against caterpillars are also inenliuned.* 
“It is asserted ” that spirits of lur^vmtine, or coiumou tislwvil, 
has the power of [smetrating tlirmigh thu web mad*- l>v tlic.se 
insect.s and they are killed when the lifjuid comes in eontact 
with their l>Of!ies. .Mr. Yates, of Allcmy, .V.V., made a mix- 
ture which well illustrates the variety of materials ns4'd during 
this period; 

Wormwood 1 handful. 

Rue I >• 

Virginia toharro ‘j handfuls. 

pailfuls. 

Boil the herbs in the water for lialf an hour, strain the 
liquid, and it i.s then rea<ly to lw> applied, Yates also sai<l that 
if .sufficient tobaccri is used alom-. it will an.swer the same pur- 
pose a.s the above, but not so well. 


*■1. Thwher, M.D., “ Am^-rirsn Orrli^nllil,” Iv^ 04 

*Ibid. 107, I 
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Keference is also made ^ to some experiments of E, Perley to 
combat scale insects on trees. He found, after trying many sub- 
stances, that the most effectual way of removing scale insects 
from trees wjis to wash them with lye, or brine, lurne could be 
used with the lye to advantage. Tlie brine was made by using 

C<iiiimon salt 1 quart. 

Water i 2 gallons. 

This cotild be applied as soon as the salt was entirely dissolved. 

Thacher ^ regarded train-oil as a very tiowerfiil insecticide 
against lice, but discouraged its vise on account of its glutinous 
cliaracter, it lieing on this account harmful to trees. 

Clay paint \va.s {>erhap.s one of the first remedies to be ap- 
]died to jilants. Several factors w ould encourage its use ; among 
others may be mentioned tlie ease of its preparation, its cheap- 
ness, and its adhesive juoperties. When j'rojierlv used it forms 
a thin, dense coating over tiie parts to which it is applied, and 
it has the apj’iearance of granting almost j'su'fi'ct protection to 
the part covered, 'Die Cale<l<inian Horticultural Society, of 
Scotland, reooniUK'nded ^ its nsc, and, in fact, its apfilication has 
been very generally advised. It has also formed the l^asis of many 
mixtures and only witli the ap|«^araiic(^ of tlie remedies now in 
conuuou use has it fallen from favor. t)nly the purest clay 
ol tainal^lo was selected, and ii was geueraWy strained so that 
the courser purl ides might be removed. 

A solution which appears to liave be<ui in ciunmon use for 
tlie destruction of bed-bugs was also said* to W valuable as a 
remedy for canker, ‘'(’anker” is an indefinite term which was 
employeil to denote almost any disea.se of the stems or trunks 
of plants, whose origin w'a,s not nndorstooil ; the injury may 
have been caused by insi'cts or by fungi, or atiy of several other 
causes. Wheneviw death and decay overtook any part of the 
stem, it was generally termed canker. 'Die solution which 
would cure or check the disease was matje by taking 

Corrosive suhliniatc 1 drachm. 

Spirits iiilc(thid) 1 gill. 

Soft water 4 quarts. 

* it. TliacluT, M.l)., " Aii\eric*ii Orchanliso," IW, 

» Ibid. les. I jhid. second e^llUon, 1S25, 7». 

* “Th* Am*rlc4u Qirdener,” Baltimore, 1822, 170. 
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The corroiiive siililiinate was first dissolved ia tlie spirits, 
and then tliis solution was added to the wider. It wits saiil to 
kill the eggs as well ns the inseets with whieh it eame in eon- 
tact; and although long in use it still stands as one of the 
most valuable agents for the di'stnu’tion of siune insects which 
are not closely connected witli iiortieitltiirul products. It also 
possesses^ the power of liestroying the "hruwn turtle [scale] 
insect, white scaly coccus, pine hug [inealy-hiig ?], and reil 
spider.” A decoction of tohucco was proiioniicfnl to be excel- 
lent for tlie removal of aphis, tlii'ips. and wooddice. 

Althougli fungous diseases arc rarely ineidionod in these early 
writings, tlieir suppression was nevertheless atti>ni[)|ed. ,b)hn 
Kobertson, in a reml \nv. Lh), hSiil, Isdon* tin* Lomlon 

ilorticultiinil Society.'bsaid sulphur was the only sjM.rific remedy 
that could be named for the ti'eatiucnt of mildew on peaches. 
It should be mixed witli soap-smls and then he a[>plied hy dash- 
ing it violently against tlie trees Ity means of a hm* syringe. It 
Was necessary to sprinkle all parts of the tree w ith tlio mixture 
to he certain of success. Sul{thiir is t<H lay one of niir standard 
remedies against .^ueh mildi'ws, and it seems that no other siil>- 
stanee will soon siii'ersede it. 

William Cohhett mentions 3 some iiisti'iictituis for (lie treat- 
ment of the eottO!i blight (W(s>liy ajihis) wliieh. if well <‘arrii‘d 
out. would certainly dislodge file |s>s( . lie directs that where 
these insects are found, to wash *’t)ie plaee well with some- 
thing strong, such a,s tohaeco juice. 'Die potato, wlimh some 
people look upon as so nutritions, very iie.-jrlv poisons the 
water in wliieh it is boiled: and an Irish gentleman onee told 
me that that water would cure the cot ton blight, Ibibhing 
the part with mercurial ointment will certainly do if.” 

The idea that *bs()methitig >ln)iig” was tti’eessarv (o dislodge 
the enemy wa.s .still, apparently, the loading tlmught, ami 
nearly everything that con hi be said to po-i-o-s tliis desired 
quality was probably given a cliance to prtjve its merits at one 
time or anotlier. Thomas Fe>so)nlmt givfs^ an intrresting list 
of a few of the materials w'ljicli weiv snpposn] to possess tin: 


* “The Practit-a! .tnirTloin Oar^lcnfr," naltimuri'. ("Cj, 

* Tran*. Lowlon Ihvt. y,>U. 1-v. Iv.o, i;,, 

“'nie Eiit'li'h tiunlcntT," I-'L':', lir^t 

‘Fessenden, “New American Uardener," sixth oliilun, Isi'J, Kill. 
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strength necessary to overcome tlie organism agairjst which 
they were applieti. He writes as f(jllows : 

“Insects may be aiuioycM, and oftentimes their complete 
destruction effected, by sjtriukling fiver them, by means of 
a syringe, wale ring-put, or gavilen engine, simple water, soap- 
suds, tobacco water, decoctions of elder, — especially tlie dwarf 
kind, — of walnut leaves, bittfjr and acrifl lierbs, p'pjier, lye of 
wood ashes, or solutions of pot and jieai l ashes, water impreg- 
nated with salt, tar, tur^xjutine, etc. ; or they may be dusted 
with sulphur, (piicklime, and otlier acrid substances.'* An- 
other article, one nieiitifined by Idndley,^ is vinegar, and he 
savs tlnit it is of consi<lpr;d>le viUue fm' < lest roving insects. 

Witli such a haUery of powerful materials directed against 
them, it is a wonder that so many insects we now have to con- 
tend with should still exist, 1'he very immlMU' of the materials 
named is an indication of weakness; f(;r if any of tliem had 
really ]>ossessed ^ cry ilcf^i (led nnu'it, theri^ would liave been no 
necessity for tlie existence of the rest. Some of them are really 
valiialde, and are in use at tlie present time, yet it is true that 
we are still on the lookout for sometliing which is .sin>erior to 
the remedies now at hand. 

The value of hot water as an insecticide has long been 
known. Tessenden fpiotes - Loudon as saying : “ Saline sul>- 
stances mixed witli water are injurious to must insects with 
tender skins, as worms and slugs; and hot water, when it can 
lie a)i]ilied without injuring vegetation, is ei^iiallv, if not more 
powerfully, injurious. Water heated to llUl or l-ln degrees 
will not injure plants wliose l(‘aves are exjiamled and in some 
degree hardened; and water at 1^00 degrees or upwards may be 
poureil over leath'ss plants.”’ In a later work.^ London says: 
“Mr. ISwainsou advises for tlie destruction of tlie ajdiis ‘the 
application of warm water, sufliclently hot to destroy aphis 
without injuring tlie trees: more will be thus d<‘stroyed tlian 
eitlier hy repeated application of the syringe or hy the use of 
tohacco water. . . . Two or three a]>]>l lea t ions of warm water 
will destroy nearly all the inseels.”” 'I'he rmnedy was also 
frequently mentioned in liorticultural journals. 

* I.iinilt-y. “fJiilUo (0 thu Ordianl and Kitdieii (tanh'ii.” ISU, .'i('i9. 

* Fesfiviidcii, “ N'ew AituTicfin Onnli'nrr." sixth edition, 169. 

* “Loudou's Encyclojia'diu of hardening, ” ISis, *95. 
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Dr. William Kenrick^ speaks of aloes aiul cayenne pepper, 
among other materials^ as being elTective in the treatment of 
aphis, but their use never became very general. lie also gives 
a formula for the destruction of a white, Jiiealy insect; 


Qiiicklirae i l)erk. 

Flowers of sulphur i poiiud. 

Lampblack I “ 


Mix all in as much boiling water as will make a thick ]\^ste, 
and apply warm. The lime and the sulphur are probably the 
most active portions of the jnixture. Altlnjuglt lampblack is 
here mixed witli them, these two snl>stanccs, when used to- 
gether in water, already formed one of the most important and 
valuable remedies in use against the various mildews wltich 
attack plants. The same writer gives ^ tlu^ following formula, 
in which sulpluir and ([uicklime are recommended fur checking 
mildew’ on grapes ; 


Sulphur j pint. 

Quicklime pi,.,-,- si/o of the fist. 

Water (boiling) ggalhms. 


When cool, dilute with cold watto*. .and allow flic solid mate- 
rial to settle. "I hen draw otf the elear lii|nid, and pour it into 
a barrel. Die barrel is then tille<l with wiiter, and the tnixture 
is ready for use. A nioditicatiiui of this j'oi jnula eveiitnallv 
came to be a stamlard prepatutinn for the treatment of iiiii- 
dews; but d tiring this {HO'iod the sniistanees were, used in 
varying pro[)ortions, and generally otlier ingredients were 
mixed witli them. 

John Mearns made a comjiositi.m. wliirh was suggested to 
him by Thomas Andnwv Kiiight. at that time president of the 
Loudon llm'ticiiltiir.'il .Sx-iety.-* I,, a paj^.r ,-ead in IbJo, he 
gav’e directions for making t his preparat ion : 


.Strongest farniyanl drainage . 

Soft soap 

Flowers of hrimslone 


■ 1 g.ilIon. 
. 1 ]>ouiid. 


^^^illiam Kenrick, " Tbe Amerir.in Of.-hnnlli-l,” Inlr.xtuct(..i, 

* Ibid, xjxvt. 3 !}.)<]. 

• Trat\t. London Bart. Soc. ^coon(l scrie**, Vol. Li. 89. 
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These ingredients were well mixed together and were stirred 
three or four times a day. This was done for several days, and 
then some finely sifted (quicklime was added, until the whole 
assumed the consistency of paint. Mearns said the farmyard 
drainage miglit be replaced by tobacco juice, and the lime by soot. 
This mixture was recommended for the destruction of insects. 

The use of pungent and acrid herbs long continued to be 
recommended for the same purpose. T. Bridgeman, among 
other remedies, B|)eaks ^ of burdock leaves as being effective in 
preventing injury from the attacks of the “turnip and cabbage 
fly." lie recommends preparing hogsheads full of the infusions 
of this and other herbs, and tlieu sprinkling the plants with 
the liquor. For the annoyance or destruction of insects on fruit 
trees he advises the use of decoctions made of walnut leaves, as 
well as those of tobacco and elder; the use of pepper, soot, 
sulphur, and similar substances are also mentioned as having 
value, their action being perhaps more particularly the annoy- 
ance of the pest than its destruction. 

White liellebore was also commonly reconimeuded as early 
as 18TJ, altliougli it did not prove of value in the hands of 
all growers. It was used particularly to destroy worms on 
gooseberry plants, and was applied in tbe form of a powder or 
in pure water, or wlien mixed with soaiHiuds.* ft does not 
apjtear to lmv(‘ Itcen used to any considerable extent in America 
mi til after tin* introduction of this goosebern,' saw-fly, or as 
it is luTC known, tlie imjx)rted currant worm, which occurred 
sometime before IH.'iH, at which time its presence was first 
] lot iced. Joseph Harris is said to liave Vieen the first to recom- 
mend the use of liel!e)>ore in America.® after lie bad been using 
it successfully for four years, P. Barry used it mixed with 
water, ami applied the liquid to his ])laiits by means of a 
syringe. one-Iialf ponml Iving iiseil in a pail of water. 

A rather unusual solution was used by J, Murray * against 
mildew on peacli trees, lie applied 

Sulphur 2 pounds. 

Alcohol 1 quart. 

* UHdpfnian. “ Tho Ytnirijr (Janlciier’si wventli edition, 1887, It 

* (ninifneri)' 1S4C. .Iim** IS. 897. 

* (Vuntrj/ tffnthman, IW. •418. 

* Oardentn' (’Anoi We, ISil, Auj. 21, 650. 
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The trees were thovoiiglily painted with this when the huda 
were swelling. lie assorts that he used the mixture for twenty 
years, so it must have Wii very ettective iti Ins hiuids. Nitre 
was also applied for mildew on rosesd It was prepared by using 

Nitre 1 ounce. 

Water I gallun. 

In Decembor, 1841, its use on chrysanthemums for mildew 
Nvas also mentioned, 

On June iJl, 1840, the Ma.'^sachusetts Horticultural Society 
offered a premium for tlie most cheap and effective mode of 
destroying the rose-bug. David Ilaggerstou, of Watertown, 
Mass,, was awarded a premium of Sljo on March o, 18PJ, after 
liis remedy had been thoroughly b'sted by a committee, d'he 
material which he employed was wli ale-oil soap, u.sed at the 
rate of 


Whale-oil soap 2iiouin!s. 

Water l.^ yalloiis. 

He said the strength of the soap varied and this would re- 
quire a change in the above formula in certain cases. He con- 
tended that this is an etfectual remedy for otln-r troiibh‘somi* 
insects; astliethrips or vine fretteix tlio aphis or plant-louse, 
the black fly that infests the y<jung sins its of the clicrrv, the 
red .spider, and other insects. He also asserted that it would 
destroy mildew on [caches, grapes, and gooseberries, if weak 
solutions were used. Wliale-oil soaji is to-day so wtd) known 
and so generally u.s*?d against insect enemit>s that it is .'icaredv 
necessary to say that many of the statements of Haggerston are 
just.^ 

Loudon ha.s recorded^ several interesting recipes (hat slunv 
how complex were many of tie; mixtures n'comnirmled. Some 
of them contained so many ingredient.s that it would .seem jls 
if any evil that plants aiv heir to would be readied by at least 
one of them. Nicol’s recipe was thought to l>c particularlv 

• fiarittntrn' ChronirU, ls||, Jaii, iT. M. 

134 ***** '^’ ^**''*' ^*'^'**' iituiUmm,, 1S4'> 

* " Lou(l(jn‘9 Kncj-clu^iR'ilU of (iartlrnin*,','’ IsTs 
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valuable for the destruction of coccus, or scale insects; it was 
made as follows : 


Soft soap \ pound. 

Flowers of sulphur I “ 

Tobacco J “ 

Xux vomica 1 ounce. 

Soft water 4 gallons, 


These materials were well mixed with the water and then 
boiled until the amount of lii^uor w^as reduced to three ^llons. 
It was then allowed to cool, and was ready for use. Plants 
which were not in active growth, and whose foliage was not too 
tender, were dipped into the mixture. For overhead syringing, 
the liquid was diluted one-third with water, 

Hamilton’s recipe is also given 


Sulphur 8 oaucea. 

Scotch snuff 8 

HellelK^re jwwdcr 6 “ 

Nux voiuh a 6 “ 

Soft soap 6 “ 

Cayeime p''PI^r 1 ounce. 

Tobacco linuor 1 ipiart. 

Water (boiling) 1 gallon. 


Stir ami render as flue as possilde, and tiien strain throtigh a 
roiigii cloth. Hamilton did not apjvar to feel very confident of 
the action of even tliis array of death-dealing matter, so lie 
advised in addition that tin; plants l>e washed with it. and the 
in.sects rcjnovod wliile wasliing. Wlien .so n.sedit would doubt- 
less act a.s asp<‘cific. The recij>^ is also interesting from the 
fact that it contains hellelHU'c as one of the ingredients; for 
at that time the use of this poisou was probably somewhat 
limited, Tim inseclicidal value of decoctions made of the wood 
of quassia was also kmnvn to a limited extent; hut the material 
has been more wiilely recommended than tised. 

lleincry, a Frencli tiurseryitian, made a conqKtund * which he 
said would destroy mildew on peaches if only one application 
vrerc made. It contained some materials which tinquestionabiy 

^ “ Lotidon’s KncyclopRsUa ti{ (isirvloning,'’ 1>7S, *!>5, (juoied from Speechly, 
“TreiUse on Iho Vine,” I’79, (ie, . 

* Hecut I/oftiwlt, Sept. 15 , 
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possessed “strength/’ but wlietlier best adapted for tlio puvfKDse 
designed may bo open to doubt : 


(<j) Aconite branches and tubercles 1 hilnjjrani. 

Water 4 liters. 

(5) Pigeon dung 25 “ 

Urine 1 hectoliter. 


^lixture (5) was allowed to ferment forty-eiglit lionrs, and 
infusion (ti) was added only jtist before the mixture was used. 
'File applicatiotis should be made in April. 

The most iinportaut ami proltaMy tlie most etfeelive fmait in 
which sulphur was used was the solnti«m known as the “(Irison 
liquid ” (con ^'nso/O- It was also calltsl llie juily- or the liy<tn>- 
sulphiir of (Irison ; it is still in use, alt fioiigli not so eoninidtilv 
as heretofore. Grisou was Inmd gardener of tlie vegetable 
houses (.serre.s dn poUyirr) at Versailles, France, and in 
he first made the solution. He used ^ 

Flowers of snlplmr .,‘■>01 1 grams. 

Freshly slaked line' ,.-»t)0 “ 

Water . d liters. 

Boil the above tor ten tninutes, alh'w tlu' mixture to settle, 
and then drawoff the clear liquid. Keep this in bottles ;umI 
before using add one hundred [>arf> «d \\:it>‘r li> one p.ut of the 
li<piid. A]q«lv with a syringe. 'I'liis Miiutiun is e\eellent lor 
all surface mildews, and three appliratiiiii> are to pii»- 

tect foliage. Later the quantity of >iilp)iin' ami of lime was 
reduced i)ne-half and it is one of tie* f>“\v earh fiMmi<‘l<lai ju'epa- 
rations still in use. An Kiiglishman claims t.i hav ii-e,| u 
similar preparatimi as early as l.s|.% using mie part of .sulphm. 
one part of lime, and om- Iniiulred j.arts id' uab'r. Crison. 
however, appruirs to have been enliiely imle|>eiid>‘iit in the 
inaiiufaetuie of his pieparation, and it soon beranie niucli 
better known tiitm the other. 

Lime wa.slj was reeotninended in .Vinerimi against eiircnlio of 
plums in IH.Vl. Lawnmee ^ oung. of I,oiiisville, Ky.. mm-ims to 
have been mie of tlm first to try this remedy, and it was aje 
parcntly succe.s.sfiil.^ ‘‘It eotisi.sts siinjily of covering the voting 

> Rfrui /fortirolf, ]s;V>, M,iy 1, Ills, 

» Tuck, Grtrd. aro> t><,l!. ,) uly -JT, 119. » i 1 m. 
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fruit, as soon as i langur is apprehondetl, "with a coating of thin 
liino wash, cousidorahly more dilute than the mixture em> 
ployed iti wliite-wuHliiiig.” 

'J'he use of (puissia eliiiis was adopted in America soon after 
iielleliore l)ecatne known. In 1855 the material wa.s recom- 
mended as a reiiu'dy for aphis, being prepared by boiling 

Quassia chips 1 pound. 

8 gallons. 

The lifpiid was boiled until the decoction had been reduced 
to six gallons.^ 

An interesting article by W. F. Kadclyffe appeared in one 
of tlie Englisli journals in ISdl. The writer, knowing the 
value of (‘<ip[iei’ snljiliate when used u[ton .smutty seed-wheat, 
reasfined that the rr»se niililew, being also a fungous trouble, 
slimild likewise yield to treatment by this chemical. He there- 
fore api>lied a solution of two ounces of blue vitriol dissolved in 
a stable bucket” of water to live plants by means of a fine 
.spout, and entirelv fri'ed his plaiit.s from the disease. The 
statement was also iiia<le that weaker solutions would be tried 
the following year. \ few weeks later a note* apjteared in the 
same journal which warmed growers ;i gainst the use of tlie sul- 
phate of copper, as it would kill roses if it came in contact with 
tlielr ia)ots. Xo furtlicr mention of the remeily was made, and 
<‘ven the following’ year In’oiight no account of any experiments 
ma<le bv Uadclytfe. Wliat miliums iniglit have been saved 
had this inijiortant work been <‘arried only a little further! 
But the ohl n-incdies continued to 1«* used until about 1870; 
insects and fungi were tnmted practically the same in Europe 
lud in America, and changes of only minor importance were 
made. 

'I'be Americans profit^Ml very largely from tlie experience of 
Enro{Hnui gardeners, but a few new methods of treatment also 
aro.se in tliis country. It coiihl not be otherwise, for different 
enemies had to be dealt wit In and these required different treat- 
ments. Hut tliese variations wore comparatively slight, and 
the remedies used in tlie first half of the century were more or 
less common as late as bSSO. Suljihur in some form was every- 

I'itM In t'lutiirj/ Otntltmnn, ls55, April 13, 23ft. 

* (jarti. <,Virw/i. Ii4l, Nov. 2, 567. 

0 
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wbeie the staiithwl reme<ly for inihlews, aitd uljen tins failed, 
growers werts at a loss to apply anything more elliuietit. 'I'he 
best insecticides were tlie various forms of soa]), tobacco, (puissia 
chips, carbolic acid, and hellebore, although the last \va,s a ('oin- 
paratively new remedy. Kerosem; was also used in America to 
a limited extent. U’ifli tiiese niatorials gardeners and fniil 
growers managed, as a rule, to product' gitod ei’ops. 

But a change was to come. In America it was luonglit al'out 
by insects; these became so alunulant ami began to dt> stt nnicli 
damage in districts that Udbre hud not siitfered seriously . tliat 
new remedial measui't's were dtonamlt'd. A new insect, tin* 
potato beetle, was iLitrtHluced tiom the tar ^Ve.>t, ami this thrt‘;U- 
ened to he even move dtstrnclive tiiaii those wliieli w»Te itn 
digeuous to the Hast. 

In Kiirope the revolution was lirouglit about by fungi, but 
not hy the Kuropcan ty[ics. 'fht'v I'amc trom Anieriea, and 
have shown, in snuthern Kunipe pariiciilarlv, ftie same ]nisli 
and energy whiclt is everywhi-rc n’cogni/i'd as ehai'actt‘ri>tit' nf 
the Ainei'ieaii. And so it eain*‘ tliat wiiilt> the grirwt'is in 
France wt-re combatting fungi, tho<e in Ainci iea wen* conf><iiib 
ing against insects, and a great diherencf suoo arose in the 
methods of tivatment adopted. It was a veritable r-wohition : 
for old vfMtieiUes \v*Te oliliged to give wav to new ones. ;ind 

established methods In those but little tri.*d. hid tie* 

change marks an ejxjcii in (he iii>t4(ry of the cultivation of 
plants. 



('KAVTER II. 

sruAYixG ly you Elay couxtiues. 

I. 1\ KjiAvrK. 

Discxraia; T n't {Li >tf Fnufjiruks. 

Xo important clianui's touk ]ilaw in llm matmals used by 
the KnMU'Ji fur tin* dk*>tnKti(iii (if fiin'^i a ml in>ect.s until about 
tin* year Tiit* hm* of cln'inioals in piaoecd the .substances 

which aj'pcal stnni-iy to tin- sciis(‘s liiid increased, fur au occa- 
sional iiu*nlion is iiiadi* r(‘;.;ai(liir.; the nujre or less successful 
(riid of xniie new iiiateiial of this ('haracter, (iiroiiard^ says 
that in lsi;o (uvui ved to him to usc from two to four 

;.;r:(i!isof acetate ot jiotassivini ill one liter of water for the pre- 
vention ot mildew on The resnlt.s were vi'ry marked, 

and in lNi;> (lie vines wen^ jirodnctivi* directlv in proportion 
(o tin* amounts of the clieniit'al ap]ilied. Uiit tliis .sul>stance 
did Hot Conn* into einieml u>e. and it was not imtil the value of 
tin*. com]»ounds of vn]>per bccatue known that any jK*nnaneiit 
indram'e.s ire/v* made. 

' Sxtu ;ifhr fhe ,'tft/x‘:ir,i>}n' in Fnim' of the dou'uv mildew 
l^nutospmi rtllrnld) tlie )iec(*ssJ(y ftir U httnV 
cideihan siii]ihiirlieeanH‘ evident. Siiljihurastlum used seemed 
to he eiititeiy uilhotil elfeot in cln'ckiiii^ (la* )>ro^Tess of this 
disi'ask'. Th(> mildew was first discovered in France in 1878.* 
■Milhudet saw it in SepUnnl'er of that vi'ar n]»oii .some American 
yrape seedliiioN i;rowin;j,- in tin* mtvsery of Die Sociihe d'Agricul- 
tnie de la ( tiromlc, mnl I'laclioii at ftie same time recognized it 

AV/.Yo( h SocEi: ,f7,-((nwr-/.c>fr, Isf.s, 5o. 13, .tuniary, 

Vr)t(r. iCAg, I'rui. VvY, lo, W'i. 
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on the leaves of Jac(\nez ;jnv|H's al (’oulras ami al^o received it 
from various departments of I.nt-etd Jan nine, and <if Uln'me. 
The disease spread rapullv ami \vas so destnielive tiiut in ISS2 
the fruit in nuinv viiievards \\ as alimist eulirely desi myed. 'I'lie 
climate of France a]>pears to Ite ]*e(’iiliarly adapti'd to tin* 
growth of tliis mildew, which Ihiurisiies as well n]am I lie varie- 
ties of as ujmii our Aimu'ican sj«ries. In moist 

seasons it is fully as energetic as in America, or *Meii more so. 
The leaves fall from the vines, and the grapes are thus pi-e vented 
from ripening prnjM'rly. Kacu in eases in which the vines do 
not lose all their foliage, a j>arlial reilmuion is siitlieimit to de- 
crease the amount of sugar in the gra|«'s to sneli an extent that 
their value for wine is very greatly lesseni‘d, Many growers 
did not at fir.st I'ealize tlu' serioiiMii'^s of this disease. In some 
vineyards it even obtained a tinu foothold \s illiotit In'iiig notiejnl, 
for the portions of the fungus \> hidi an* on the «*\trrior of tlie 
leaves are borne on the under siih*. When. Inovover, it l»*eame 
established in a certain ilislricl, all tloubts regaviling its serious- 
ness vani.shed. and the vim‘\anli-t'' fnund t liionxdvtw eniifroult*d 
by a disease* which not only thrcati'ncd ti> dc-trov (heir vim-s, 
but which gave unmidakalii.* pi'nuf nf its p.i\\fi' to do ^o. 

The remedies in general it-e for eont rolling tin* Kurop'an 
surface mildew (tWb/m TnrLuri) pno.-d lo br of lilt h* value 
against this new foe. Spraying with milk of liiiu* was recom* 
mended and very tlmrmigldy tried, but it did not -iv** sin-h 
good results in France a.^ wdc ivpnrted from Italy. Tin* milk 
of lime was used with goorl Iv-ults ag;^ill^t the oidiuln <(f the 
graj)e by IVofessor Iv-llcr even before i p, iss] 

(rarovuglio. director ol the cryptogam i<“ l.abtjratory at I’avic, 

usetl it with fairly gortd against tin* p<-r.iiiospora. but hisi' 

statement of tliis work, although apparent Iv of the greafo^t im-' 
l>ortance, received im atfentimi from Italian vin-vardisis. It 
was not until IS^:;, wlmn th.* work u\' H|,. agrienltu'rai sehnol a( 
Conegliano, Italy, became known, that tie- renusly was geni'iallv 
adopteil, .Many growers in northern Iialv. e^piViallv tin* Ih-i- 

hissi Ilrothers, near gliaim. were parlicniariv simeessfiil. 

and so much contidenee was j.laciM in tln-ir method of control- 
ling the mildew that the miiii-ler of agrieiiUnre, in a eiivnlar 
published in Ih-So recomtm-nded it s general ad..pti.m. I hiring 
* Cfcrkttiu Ciit<*ei|, Aintull ,!i l-tj, ‘jij. 
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this same year Orletli puhlislied ^ an imj^jrtant article in which 
he announced iinit tlio jicvonospora could be ct¥ectuaUy com- 
bated by the use of the milk of linif!. Tlie mixture was made 
}iv slakiiij,' d kilos of (inickliine itj ]00 liters of water, first con- 
vertinj; the linn; into a tine powder, by partially slaking it, and 
tlieu adding the remaiiideu of the water.^ 

Powders were very (‘xtensivoly tib;d in France. Their use was 
\iudoubte<lIy .siiggc.sted 1)Y the fact that siilplmr had been applied 
in tiie form of a powder f<jr a great many years. There was at 
tills tinK! no apparatus particularly adapted to the application 
of liquids, but such was not tlie case with powders. As early as 
bs.SI ih'ofessor Miilardet, of the Faculty of Sciences of Hor- 
deaux, used the sul]thate of iron in powdered for in in cuimec- 
iion with sulphur and also with jdaster. lie rejiorted to Mine. 
Fousot (who suggest (‘d this \(rac(ice. and with whom he carried 
on tlh^ Work) that 4 kilos ^ of sulpliate of iron mixed with 
gtt kilos of j'laster iiad stop[«‘d the mildew. 

.1, Laure.^ ;m eugiueer at ,\pt (\'aucliise), had for several 
years itiu<le a study of a certain ore of sulphur, called “Soufres 
(h's 'I'apets." 'riiis mineral contained various substances besides 
siilpliur, and after iiaving been treated so that it contained more 
nr less of tlie sulphate of iron it was sohl under the name of 
Fungivore.” It was highly recommeinled against attacks of 
aiithraeiiose. ami was also very eifei'tive in checking tlie oidium 
of the vine. From tliri'e to six apjtlications were necessary to 
ju'otect tile )ilant well, It was umsI to a coiisitierahle extent, 
but this powdm-, as well as the many others whicli were sold, did 
not equal tin' liquid applications in elliciencv. (See page differ 
a. more complete discussion of the powders wliicli came into use 
\a.s finigicidi's.) 

OtlifV fungous diseases than tliose of the gra[V were now 
attracting atleiitiim. I’aiil ()!i\ei' >aid^ that for several years 
pears had snlTereil frotu the attacks of a fungus wlticli pro- 

> A'tc/xi'rt a VitU-«ftur<r, Xiii:. :''t 
’ l’ltiiiHni, " ),<• rrjiiiii;;iin.', " :',n 1 1 it';, 

^ r}\\f, 1^sl. ,\|trii e.i, .Vm, 

* 0||,i kildto'niii ix In ‘j,c sini'c till' tiii'lrk' system is Uu* one 

usih] I,y tlie hitY,' imijnnly nf till- 1 N^ii'Vtim liters nf entitim-iital r,uri>j>e. the system 
will 111- ri'talni'il in this (mviinii nf tie' wnrk. t'nr a omiiilete scheme nf the wei^'lils 
atni im-;i>iire» nf the metrie systvin, lo wrll their ei|uiv!ili‘iUs, see .tjijietidis. 

® Jinir. <VA^ rt',U. .Vj.ril I'.i, .V.k « HuL ls»l, .luty T, 2i>, 
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duced black, velvety spots upon the foliage, and in 1880 it also 
deformed the fruit to a considerable extent. The cause of 
the injury was attributed by Prillieux,* the inspector*general 
of Agricultural Kducation,to ruxiclfidium pi/rinum {ChuloAporum 
dendrilicuiu, Walr.), and a desoviptiou of the fungus was piib* 
lisiied. Paul Oliver - made some exj^eriments which were (le- 
signed to tlirow light U|¥)ti tlie best met hod of flestroyirig the 
spores of the parasite, d’iie materials used were, ( 1 ) jmre water ; 
(•J) water acidulated with one-twentieth its amount of sulphuric 
acid; (o) a 881 cent solution of the sulpliate of iron; (I) a 
j^er cent solution of tlie sulpliate (d copper. He advised the 
use of the ta.st in rainy u eat her, but during di-y weather either 
the second or the third would prove e dec live. Oliver furtlier 
states that he succeeded in killing tlie s|X)resof F. jufrinum w ith 
an 8 per cent solution* of co]*j>(‘v sulphate, and tluit he sprayed 
his trees with a 10 jHn-ceiit solution during tin* winter of 
This discovery — that the salts of c<ij>per would prevent tlie 
germination of the spores of fungi — was hy im means new. As 
early as Hmiediei ihabost ga\’e * an account of tlie method 
by which lie jueventfd ilie geniiinatioii of the s[K)res of a fun- 
gou.s disea.-e commonly known as "('ari*-,” or '• t'liarbon ” 
(smut), of corn. II is statement regarding flu' result of his 
experiments is as follows; **Tlie amount of suljdiate of cmJijmt 
really neces.sary to givf to water tlie j^nv»T of preventing the 
germination of ttu' spon-s in a low teiniK-ratiire does tnit 
amount to weight, and j retards germina- 

tion.’ ’Ihiis a di7>i'overy ot immense pmrtieal importance Iuls 
long remained hiiMeii ami unappreciated, and it is not itnpo.s- 
sihle tliat other iiifonnaliim eipially vahialde is at ju'esmit 
neglected in a similar manner. 

file first general .statement, in regard to ilje value f>f chemi- 
cal com[.ounds fur tiie destriiriioM of gni]te mildiov semn.s to 
have been n)a<le by .Milhmlet.'' lie .says; -KccenL o))serva- 

> ,iih i/r, 1^;;^ ij 

* Jour. \"\. 

*!iy an s j«r o-m j, a -.-IntiMii nhHi .Miilnins i |.arla bv 

weitrhl of tie* ^rlwl Uhsolvt-tl in |oit nf itif 

* ■* Meim.irc siir la eaii-,- iinne Ui;/.- it.' liv ..ti t liarl.-.t, -Im l.I, , ” Motitaii. 
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tioM3 make me hope that perhaps the most satisfactory results 
niay be obtained by the use of certain mineral solutions, such as, 
for example, the suljdiate of iron or of cop[>er.” liut no definite 
experiment liad been made uj) to this date to prove hLs assertion. 

Prillieux ^ carried on ex\K*riinfeuts at Nerac for the destruc- 
tion of the American mildew. He found lime to be of 

little value. Horute of soda, used at the rate of five grams ^ 
dissolved in a liter ^ of wali-r, gave good results, hut the vai’ious 
toxics and antisiiptics used by hi in were [>ractically useless. 

A coiiccntvated solution of the sulphate of iron for the de- 
struction of antliraeunse was already regarded a.s a specific,* 
for it had long l>eeu used with success in the treatment of 
the disease. 'Phe practice appears to have originated with 
Scbtiorf, of llosshacli-Meilen, tfcnnany, for lie writes as follows 
regarding its early history:^ ‘'During twenty years, 1 have 
successfully used tin*, sulphate of iron for ant hr ac nose of the 
gra|K*, in iwx-ordance with the following plan ; During spring, 
before the vines start, I dissolvti d kilos of sulphate of iron 
in 6 liters of boiling water. When tlie solution lias cooled, 
I pour it into earthen \ <*ssels. 'I'iie workmen take these into 
the vineyard and wash tlie vines with rags, which are dipped 
into the liquid. 'Phis is iloue but once <luving tlie year, in 
early spring, and the re.suUs are nniformly excellent. It has 
occurred that during certain si'asons Indore the treatments 
were hegnn, I lost the entire crop if the \v«*at]ier w'a.s cold and 
moist, while 1 have I'arely failed to ulitain a gooil yield since 
the a]>piications were made, and I feel W(dl repaid for my 
trouble. I rejn-at tlie washing every year, and otlier vine- 
vardi.sts have followed mv examph* with equal success.” 

■ In hraiiceit became lln‘ eommon practice to cover the posts 
uni vines witli I Ids .sol at inn during winter or earlv sjuing. a 
oroom or brush iHung used for tlie purpose. In some cases the 
entire postwas snakeil in the solution for several davs. 

P. de Latittc states'' tliat Sept. 'JD, ISMb Uicaud and also 

> Jour. J'rut. I""-’. .Inn, H». T.'i. 
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Paulin published in the Joufitnl <(<• H(nuin‘ a note on tfie 
good effects whioh t'ollowiul the covering of }m),s1s with a con- 
centratoil solution of tlie sulpliale of copper. 'Tlie work had 
been done in Burgundy. Ou tlie ‘Jdtl of September the above 
jourual also ooutaiiied an article (m tlie sanu' subpa-t, written 
by Montov. Ad. Perrey nieiitious ’ a ease in wiiicti tlje posts 
that supported the vims were treated witli a solution <if sul- 
phate of cop{HM“. and this caused all the lea\(‘s within a eirele 
l20-:ld eiu. in diainetLM', the po.sl bi'ing at the center, to remain 
upon the vine, rntveated vines lost ail (heir foliage. Several 
other ohseiwers in various .sections of B ranee noted the same 
fact, and all agreed tliat the lienelioial action extended to 
practically the same dislaneo as mentioned above.'^ 'Hie prac- 
tice was con.soquently of valiu' only for vines not itmn- than 
five or six years old. since larger vines cany so much foli.age 
outside of the protected l>elt. Neverllieless, tmmy growtO's soon 
made a practici> of co\-ering the [losts, vines, and also the 
tying material, with a strong snluttoii of eopj>er siilpliafi'*, and 
some believed excellent proteriion bdhiwed the treatment. But 
the method did not gi\e miiformly good results, and some 
more effective remedy was still sougiit. 

In tlie Fnaieii vine\ an lists \^ere still apjareiillv witln 
out a good remedy for the mililrw. \\ I’ichard, tlireetor of 
the agricultural station at Vaucliise, prr>posed ■' a solution i>{ 
the liver of sul[iliur : and fnex, director ol thi! school of t'iti- 
culture at Montpellier, ass.u'ted < iliat, after making an apjdi- 
catiou of an emulsion of nne part phenic a<-id in liMj parts 
of soap water, all traces of mihh’W distpjvared. Me found it 
advisalde to add glycerine to iliis lu-eparal imi. in order to pre- 
vent it from ilrying U>u fast. V. Camlion advised tlu* use of 
a "2 per cent solution of Iplsulphate uf «oda. 


Of th(‘ 

Such, in general, was the nature of the ex[MTiniei)tal work 
which was <loiie at tiiis time. New ehemif'als wau'e tried, as well 

iJour. dWij. rr,i(. Ort. !<;. s, ^1-! n’l.i.rl uf Vjki iirK'i.iHi l.i 
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as many combinations of old ones. Some of these 

proved to be burly (dlicient, hut tlni ideal remedy ba<lby no means 
Iveeii diseoveivd. It was not niiti! tin* f;ill of IHHo that fl'iere ap- 
Ijeared unmi.staliable evid<'iie(‘, bas(‘d upon exjieriments, that a 
substance bad been foinnl wliieb }n‘(!inised to be a specific against 
tiie grape mildew, aini pm'baps alscj against ninny other fungous 
diseases, d'iiis sid>slance was eo[iper. Its history is all the 
more interesting from the fact that llie first use of its most 
ellVclive coinluuatioii was not in any way connected with the 
fungous diseases of tlie grapin but rather with tlie hmnan 
enemies of the vineyard ist. \ev(!i'tlieb'ss, when the mildew 
appeared, tliis preparation l•o.^e to tin* occasion, and protected 
tlie foliage, as well as it bud done tin- fruit of the vines. 

Ill southwestern Frani'e, in the niaritiine de[tartinent of 
{(iroiide. is situated tlie (‘ily ol Uordeaiiv. It lies near tlie west- 
ern holder of a large hortieidtnral district of which the gvapte 
is bv far the most iiii]'Oi'lant fruit, 'riiese grajss are mostlv 
iiiarmfaetnred into wine, and it is parlienlarly tlie clarets which 
have niaile this di>triet known tlironghout the world, It is 
licrc that the downy luihiew of America first made its apjHmr- 
aiice ill I'hinipe. proba)»ly in and here also it first lu'came 
most serious, 'riu* summer of l^^li was particularly favorable 
to its development; and as no st<‘ps liad Iw-en taken tr check 
its progress, tlie injury done to vineyards was very great. Tlie 
foliage of tlie vines was destiu'yed. and fell to the ground during 
the slimmer. 'I'liis prevented the pi'oju'r I'ipeiiingof the grajio.s, 
and the harvest was almost without vuliu'. 

;V few vines, liowever. escajHi this general attack. These 
were situated along tlie liighnays. partienlaily a)>tmt Margan.v. 
M, Julian, ami Fauilluc, in the Medoc. It was notieeil by many 
^tat in the fall of IsSg eevtain vines n'tained tludr foliage in an 
almost. ptM'feet Condition, \dneyardists in tliese Inoalitie.s had 
suflered considerable losses fi'oni the stealing of tlieir gra}¥?s 
by ehildn'ii and travidei-s along llm bigliNNay.s, It bad for- 
merly lieeii the custom* to sprinkle verdigris niuui a few rows 
of the viiK's nearest to the road for the purpose of giving the 
fruit the ajipcaranee of Iiaving la>en jioisoned. St'veral years 
before the apjn'aranee of tiie downy mildew this substance was 

’ Mllbriti'i, JoHf, <r Aij. I'ntt. iWi, o,'i, s. .Ml. IVijllviix, “llejxirt to tha 
MintiiWi' v>f A^rkiiUiirv,” Uct, 'ii, bs5. 



26 The Spraijing of PlanU. 

replaced, from reasons of economy, by a mixture of the milk 
of lime iiiul some salt of copper, the s’llpliate beiii^' coiiuiionly 
used, on account of its clieapness. Tijis mixture was of the 
consistency of ci'eani, and was of a light bliu' ooloi', It was 
applied to the vines by means (if briMUiis, or whisks of iieutli. 
The design was to apply enough (>f tlie mixture to (uudi vine 
to give it the appearance of !ia\ing lie^ui poisoiHui, tin; 
operation, of course, being delayed milil tiie iicriod of ripening 
approaclied. 

The vines thus treat<al were iln‘ ones whiidi had ndaimnl 
their fidiage thronglt the fall (»f wiiih* otliers growing 
further from tlie road Iirst tludr leaves. The cause of fin* 
beneficial action of tlie mixture Mas sooii ascribed (o tlie 
copper, for lime used aloin' liad proved unsat isfaetorv as a, 
remedy for mildew, rriliienx and .Millai'di't Mere among the 
first to note the etfect of tin* mixture and to nseribe its aetiiui 
to the proper cause: Imt .Millardet is tin- mie who did the tno.l 
toM'ards ix*rfeeting tin* mixtnie and testing its uctinii U|uitt 
foliage, and iij'ion tin* milihov. {.‘•^ee front isjn’eee,) ][e Mas 
materially assisted by T. (iayoii, pripfe>v;,»r of eheiulsfry in (In* 
racnlty of Scienetcs. nf Iloi'rh'aiiv. d'liesi* two nniv jii'^flv br* 
considered the leaders in the study and iim- nf the prepuratimi 
M'hich M'as destined to prove .superior to all I'lui-ii-ides (liat 
have been used to tlie jireomt day. and Mlii<di is now >o Mell 
kiioMii, in a muititied form, under the name of the Ihndeanx 
mixture. 

Althougil these men Mere (he niost energ-'lie in eonduelitlg 
the work, and the first to pnldish nsiilts. thiw .ippaivutiv were 
not tlie only ones Morkin:^^ iu thi> fiidd. I’lillieux ;)''Si>rfed * 
that the treatnn-iits of Jouef .-md of T. l■'en■Jlid Mere made 
sitmikaneously Mith thoseoi .Millardrt. and im!ep,.|idej|(lv oflhe 
latter, and that t hey ({iil Hot e\cii kiiowo} Mil),irdet'> itive»iij^a* 
tion.s. Their Mork, however, do**" not appMi' ],> have }(ee)i 
carried on .systematically, nor were ivMiIts piil.livhed Miii<-ligo 
to show that the exjwriiiients lie-an earlv a^lid (lio-- of 
Millardet atid tlavom It is eon.e.juetif |y to (lie-,e Imo men that 

the honor (-if having tir>t ex|,<.| ininiied Miih 

bordelaise,*’ us it tlien br-gan to be railed. „].a> lie granted, and 
toMillardet in particular umy be given tin* eiedit of being (he 

^SocifU y<iUon,tle <!' .Vjrk^iKnr,' <h ymm-,-, -if N..v. 4. .V.hi, 
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first to plan and puldish results wliich slioNvcd plainly the value 
of tliecopp(^r compounds in oonmiercial workd 

'I'lie first systematic a])plications of copj>er compounds for the 
prevention of the downy mildew were made"'^ on the 18th of 
August, 18.Sd, or the year following tlie ohservation of the a}> 
parent value, of lime and copper sulphate when applied together. 
The work was done on the grounds of the castle of Danzac in 
the Metloc, hy K. David, stewaial of th(^ ]»lac(!, hut under the 
direction of Millardet. In these cNperiments the sul[ihates of 
iron and of copjter were used. 'I'liey were ajijdied in pure 
soluti<nns, and als^) mixed with lime in varying jiroportions. 

In iN-Sd Mlllard(*t, helieving that coppei' was the most effi* 
cieiit agent in the destruction of I la* mihhwv, applied this metal 
ill other forms than the snljdiate. He used.** in a<ldition, the 
earhoiiate. ]ilin'phate. and sulphide of eo[*|wr, and also the 
corresponding salts of iron. Lime ^Yas also a]>]ilied alone. In 
ISSl the same' Work was repeated, and although the mildew was 
not very ahuiulaiit, still lie and Mr. David came to the conclu- 
sion that the mixture of the sulphate of co]i]w ami tlm milk of 
lime was the most promising of all the materials a|>]ilied. They 
decided to give lip the use (tf the iron salts, as well as the sim* 
]ile solution of tojipu' snlpliafe. It was found tlurt the latter 
Imrned the leaves wlnm used stronger tlian om^-half part of tile 
salt iu \tttt \iarts of \v;\t(u\ 'l'\\is result, however, does not agree 
with tliose ohtaiiied hy Messrs. .Vth Perrey, 1’, de Lafitte, and 
Magiiien. On tin* estate of Salle di' |\‘z, at St. Kstephe, an 
8 percent solution of eopjter suljiliate piaoed * to he nearly as 
etlieient as when lime was a<lded. 

During these two years the inildew was not very prevalent in 
the treated vineyards, so that only partially .satisfactory results 
^were olit allied. Tliese wena however, of sullioient value to 
warrant the puhiication of an article hy Millardet. in which 
were given tlie, following directions for '[weparing and applying 
the mixture ; 

“III ItK) liters of water dissolve 8 kilos of commercial 

1 Jour, r/’.-lj;. it il' fliirt. Oct, 1. Cittnt in Jour, d' A\i. PraU 
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sulphate of oopi^er. In another vessel mnVe a milk of lime l*y 
slaking 15 kilos of quiekliine in :l(l liters of water. This is 
then adiled to tlie cop{>en‘ sulpliate solution, eansitig a. hlnisli 
precipitate. The workman should stir the mixture well, and 
then pour a part of it into ii pail or watering {>ot. This is 
carried in the left hand while witli the right lie sprinkles the 
foliage by means of a small broom, (.'an* slionld be taken 
that none of the mixturo shall strike tlm grapes.” Such was 
the first formula for making the Bordeaux mixture; and the 
first apparatus used for its application was a l>roum ! 

On Dec. il, ISjil, some time previous to this jmldieution, 
Barou Chatrv de la Fosse had calk'd tie- att<'ntit.m of the Agri- 
cultural Society of Gironde to the good effects following the 
Use of the mixture of lime and cof^per sulphate, Imt lie gave no 
direction for its preparation noi‘ for its us(*. 

During 1SS5 tlie downy mildew developed with mneh inten- 
sity. Many experiments were tried, amt llii' year brought out a 
number of facts regarding tlie \ari(m.s treatments, '('lie value 
of the ‘‘bouillie bordi'laise ” was pnived lieyond all iloubt. 
Wherever it had heen jiroperly used, tlie results wen*, all 
that could be wished, rntreated vims lost their ienves. and 
those to whicli the mixture had bi'en :i[)]ilieii, retained them 
in an almost |>erfect comlithm. 'I'liese loults are all the more 
remarkable on account of the very mule metliod <if ai>pl\ing 
the mixture, a small I'room being generally nse.l fm- |he pur- 
pose. 1 he most marketl and promising i'*‘sulls of the vear 
were probably obtainefl by de Ferraml. .loin st on. and Ihivi.'l.’ 

The original formula of the mixture was nntditied bv various 
vineyardists in De Ferraml n.si-d - siireessfiiilv ai>out 

the same quantity of lime as of eojtper sulphate. David ad<led ^ 
glue to the mixture at tlie rate of ij kilos stiamg glm* dissolv*al 
in 800 liters of tin? mixture. This first trial of the addition <if 
glue was apparently followed l»y b.-m-tieial n'sults. 

The first applieation of the llordoanx iiiixlinv for the pre- 
vention of other iliseases than (liose of the vine si-ems also to 
have been made this year. I’rillii'nx, in Ins repmt lo llie 
minister of agriculliir*', dated Oet. ‘jJ, says'* that .loiiet, 
at Ch^teaU'Langoa ( M edoc) , tmide an a]>]di<‘ation to tomato 4 *s 

> Jour. d'Ag. Prut, fJltU tt M-g. * lhi,l. O'.i, 
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■which were apparently attacked hy tlie same perouospora that 
is found upon potiitm^s. He helitived he had cured or stopped 
the disease. Since this fiingns is closely related to the peronos- 
poraof theviiiC, it sceiiied very probable that tlie remedy would 
prove etjuully valuable for all similar diseases. Prillieux even 
went so far as to advise, for tlie first time, the use of the mix- 
ture upon potatoes and tomatoes, and evejit-s have showji that 
his advice was well worthy of being followed. 

At tlie beginning of the year IhSo the general opinion ap- 
pears to have been to wait until the appearance of the mildew 
upon the vines before making an application; and it was also 
helieve<l that one treatment was sufficient. If at after tlie work 
of the year Millanlet tlmiight ^ that in case of severe rains it 
might be, advisable to make a second. 

At the close of the year Ih'osper de hafitte summed^ up the 
metluxls then in use fur checking the downy mildew of tlie 
grape, as follows ; 

1. ‘‘ 'riie treatment of Ifeaune, which consists in covering the 
posts ami the tying materiab rye straw being commonly used 
W this purpose, with a tive-teiitlis per cent solution of copper 
sulphati'. (l^lgeJl:.) 

‘J. “'rhe treat nient of which Millardet is the proniotor” con- 
sists in protecting the vines by means of a mixture of the milk 
of lime and a solution <d copjKM- snljdiate. (bage ‘27.) 

d. Spi'aving tlie foliage with a simple solution of copper 
sulphate, (I ‘age 27.) 

■}. “.‘^jirayiiig the foliage witli the milk of lime, using approx- 
imately a 2 per cent mixlnre,” (Tage 20.) 

To the alnivc might have been added also: 

b. Tlie treatment whicli consists in the application of pow- 
d^ers. (Pugc;i2.) 

The use of the “ Imnillie bovdelaise ” became more general in 
lhs() aiid many eases are reported in whicli its beneficial and 
almost speciiic net ion was proved, 'fhe general opinion seemed 
to be that it was sujM'rior to any of the other substances recom- 
mended. 

In accordance ^Yit]l the advice given by Prillieiix in the fall 
of lSs.7 .louet, in tlu* Medoc, made what apjn^ars to have been 
the first application of the mixture to potatoes for the preven- 

» Jour. d'Ag. Prat. Iss'i, (iU. 
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tion of the rot, a disease whicli was then very destrnctive. The 
experiment is reported ^ by PrilUeux, who says that the area 
treated covered about tliree hectares.^ The application was 
made as soon as the rot appeared, and no further injury resulted 
from the disease. Joiiet was equally successful with the bliglit 
of tomatoes, both diseases being attributed to Phfflophthora in- 
Jeftaus, Deltary. Another tomato grower, at Ecully, ia likewise 
reported to have been successful. 

Origin of the Atninouiated Copper Fnnyicides, and 
Wu'ions Combimitiuns. 

A new fungicide, one destined to become very well known, 
was tried in ISSo for the tirst time. It was pro[K)sed^ by 
Professor Audovnaud of the agricultural scliool at Montj>eUier. 
He gave the following directions for its preparation: 


Copper sulph;\te 1 kilo. 

Amiuiiiiia 1 liter. 

Water, siiffioieiU to s])ray \ hectare. 


The copper salt was dissolved in the annuojiia and then this 
solution was added to the water. Siu-h u .>*0111 tion bad already 
been known to pliarinaeists under the name of “eau ctde.ste,’’ 
meaning “ heavenly water,” so callwi on account of its d*‘ep 
blue color. U was used during the year by several exjHui- 
inenters. 

In I 88 t) a great many men eomlucted (‘X|vrimenls to t^st tbe 
value of the conqnntnds of coJi|h.t, veiy few ntiier .substances 
being used. Among tlie many who did valuable work during 
the year may lie named Millardet and David,* (iaillot, and 
Dr. G. Patrigemi.® These experitimnters planned the work so 
thoroughly that their results eniliodied the most importatit of 
those obtained by otlier workers. 

In almost every instance the ‘‘boiiillie bordidaise,” or Hoi’ 
deaux mixture, gave the most sati.sfactory results. Millardot 

* .V lifclttrc is ‘J.IT arn-s. 

^ Proyrin Agricot^ ft VUi<'„li, Mfirrii l Itf*! by Vi*l» at Ferroultlat, 
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found that the mixture could also be mjule with air-slaked 
liinc, hut it then ha<l the disadvantage of being move difficult 
to apply. He came to the eoncliision that the a<lditioii of glue 
was of no particular value. Eau celeste proved to be a very 
adhesive solution, and it al.so sllo^^ed very efficieut fungicidal 
proi^erties *, but it burned the foliage eoiisiderahiy and on that 
account was open to objectuni. Simple solutions of tiie sul- 
phate of copp<M', of varying strength, were applied, but although 
tlie weakest contained only oim-half per cent of t)je salt, the 
foliage was in every case Imrned. 

L. Gaillot, of Beaune (Goto d’Or), had difficulty in obtaining 
apparatus for throwing tite Bordeaux mixture when made 
according to the original formula, and so searched for some 
simpler preparaliond It was at that time a common belief in 
Burgundy that tlie first treatments need not be strong, for even 
treating the j>osts was of benefit. After many trials, Gaillot 
was led, in IHSO, to make use of formulas wducli called for only 
one or two kilos of cop^ter sulphate, and only one kilo of lime, 
these beijig applieil in one hectoliter of water. 

Gaillot appears also to have been tlie first to make a success- 
ful preparation of suljihiir and the Bordeaux mixture.^ He 


used the following formula; 

Copjier sulphate 1 kilo. 

Water 100 liters. 

In anotlier vessed he p>laced 

Quicklime 5JeUos. 

Water iHi literfl. 

When this w as thoroughly slaked, he added 

Flowers of sulpliur 1 kilo. 


This was thornnghlv mixed witli tlie lime paste, and to the 
mixture he added small (,juantilie.s of the copper sulphate solu- 
tion, stirring well. When the luunber of aihlitions caused the 
material to be of a semi-lluid coiisisteuey, it was poured into 
tlie barrel containing tlie coi'jier sulphate .solution. The con- 

^ Jt/ur. ii'Atf. J'raf. Jsss, May Ut. Sk* alsc “CniitjiU' inTidii du Conp-is 
llijvu,” ISnJ; Vitfne /niiif-tiiM, St'ja. I.’!. ovt>r initials K, J, 

* "Compte Kvndu des UiHuibiis Vlttculi'S,” lUjou, ISSC, June 4 md &, 6S. 
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teuts of the barrel \Yere well stirred before any of the mixture 
was retnoved. 

“ llouillies lioiirguijjjnoniies '* is the niiiue which thiillot pro- 
posed, in for tlie (lesigniUioii of llie Bordeaux mixture 

wliieh contained only one or two kilos of copper sulphiit(‘. 'Die 
name never came into common use, fur the term “l)onillie Imr- 
delaise”was so wtdl known that it cmild not he easily sup- 
planted, liowevor just tlie cause for «lru]>ping it may have Iteen. 
Miliardet recom mended a similar lormnla in h'^8/, as a modifi- 
cation of the original 

Gaillot says that in iSSfl lie protected his graju'S perfectly hy 
t.le use of the mixture of sniplmr and the houillie hourgni- 
gi G.ine. He made the first applieaf ion in April, using a mixture 
COi lining t\ro kilos copper sulphate; alxmt eight days after 
flowering lie applied the weakm* mixture having oidy one kilo 
of tiie sulphate. Tlie third treatment was made late in the sea- 
son, and tlie viiie.s were injured iieitlier hy fungi nor hy tlie 
materials. 

During 18St) Miliardet experiiiienfed extensively with jmw- 
ders. lie useil thmn upon the vines in the 1 io[h^ t!iat they 
would prove as valuaMe as the li(juids tlnm in use. Ap[iaratns 
for applying powders liad already l*een man n fact ureil and it 
was verv desirable tliat an etlieient prf'paratifui miglil be 
fouiii], 7'he oi\r ap/<eare(/ ff> i>t‘ f/;e mo-^t promising' ua> 
the Podeeliard j'oMder.- If was made by f.ouis 1’ idee hard, of 
Gigny, according to tlie following toriniiia: 

Qnicklifne 

.^utlihate of roj)|MT 
P'lowers <d sulphur 

WoimI aslips 

Water at ’jfi ( ... 

The snlpliur .'ihnniil be adiled after tli • otluT ingrediimts 
have been allowed to ^laiid twenty-four lioiii's. Then mix all 
together, dry the mass, ami forei* it tlirongli a fine .sieve. 

> /V-// J-.'"', .M.'iy -.'f. T:’-'.. 

I-'T, M;iy Sr.- ;il-o /{'i/hlln dil r.e.n't; .i<jnr ntfurf >l>> 

l'Arri>ni{iMi;rnent <i6 OcUitjcr, Jour. d'Ay. I’nit. 

Dm. 3, 


Ido kilo.s. 

Oj» 1 . 

10 ‘ 

ao liters. 
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Tliis powder in a eertaiii sense forms a link between the older 
ones in which the iii},n'e(iients “ ought ’’ to l)e of value, and the 
later ones in wliicli (svery material was known to possess a defi- 
nite composition and also a more (jr less definite action as a 
fungicide. 

"I'lie David p(jwdcr was used for the first time in these exper- 
iments. It was named in honoi' of Mr. Davhl, who rendered 
sucii material assistance to Millardet. The powder was com- 
posed of 


Qnieklime 30 kilos. 

Copper sulpliate 8 “ 


As small a quantity of water as possible was used to slake 
the lime, and to dissolve the sul}ihatin The latter solution was 
added to (lie nulk of lime when it liad c(aded,and then the mix- 
ture was dried in tlui snn. When perfectly dry it was ground 
into very fine powdei' which was of a blue color, 

SulplKJstcatile was also used in these exjHO'imeuts. This sub- 
stance was often called “stihitite ciipi i([ue,” and to many Ameri- 
can readers it may be still nnire familiar under the name of 
“ fostite,” a term tirst iisi‘<l in lisul. 'I'liis suhstance was pro- 
posed hy Baron ('liefdebien, of Per|(ignan. 

Millavtlet Used a powder known as “ s\dfatine.’' made by 
P;jn] h’.stcve. of dh>titjKdIier. If was c<jmj>ose(] mainly of sul- 
phiti', liiiK*. sulphate copjier, ami jdaster. and was first made 
generally known in Prn<)ns AijriraJe. <^1 ViUruU, Xov. l b 1^84. 

Sidfatim* gave (he iiest results of any of the ]>owdeTS as 
regards fnngieidal aetioii. Suljiliosteatite piovtal to he tlie 
most ailliesive. hut it luirmal ttie hdiage of the vines, and for 
that HMsoii it ie(|nired careful distrilmtion. 'Diis powder had 
pTevlonsly heeii nii'iitioned as |>ossessing no value against the 
<d<lium. and the Bordeaux mixture \Yas s]>oken of in a similar 
manner, ^ David’s powder was not so ac'tive against the mildew 
as was llic Bonleaux mixture, and in addition it cost about 
four times as n.iieli. More material was required to cover a 
given area, and its use was not advised from a commercial 
stamlpoint. Podeeliard’s [>owder jwoved to practically worth- 
less, and other growers wlio used it catne to the same conclu- 
sion. 

* Joitv. d'Ag. Prut, isse, Nov. 4, 603. 

D 
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Perfection of the Fiuujicides, and farther Expari merits in 
their Use. 

Dr. Patrii,^eaii tested the various methods of apjilyiaj^ the 
copper sulphate solutions. lu iSSti lie treated, in ditTerent 
plots, the posts, the tyin^^ materiah tlie jilunt.s tlieiuselves duriu>i 
the winter, and tlie foli:iee. lie also ad<led HI |H‘r cent o) 
plaster to a 1 cent solution of cojpjmm- sulpliate and ai>plieil 
this mixture with a broom. 'I’liis last pivparathm possessed^ 
some merit, a.s did also the apfdication ot the j'ure sulphate ut 
copper solution. Hut the Hunhanix mixture |,MVe ilecidedly tlii‘ 
best results. Treatin,i:- the po>ts. ete.. witli tlie (“opfxM- solnlhm. 
in the,se experiments proved tn lie practically i.d no value. 

Prillionx also mentions ^ a case ill wliieh the llonleaiix mixture 
again gave tiie best re.^nlts. rrole.''Sor Kasi|nelle. ot Jura, aje 
plied a 4 cent solution ol copjMU' sulphate to piU aloes, ami the 
foliage was plainly injured. Kordi>:nix luixluiv, i*onlainiiig an 
equal anmunt of co[i|>ei', was used at the sanii' lime and no inju- 
rioui^ etlVct.s i:onld )>e perceived i i cunsetpieiiei' t>! the treatment. 

The ditlicnltv of applying the llordeaux mixture when made 
according to Millardet's formula imlueeil si-veral vim-vardisU to 
vary the pi'njmrtions eoiisiderahly, and the general iiiipre,>.,sl(ni 
at the close of the year .'teemed lit !»’■ that ther*- was no 
nece.ssity for using so miieli coj)[>*-r ur lime tnohiain eipially goo<l 
results as followi'.l the use of tin? pudginal formiiia, d'his ques- 
tion is not entirely S':tll**d ev(‘ii at the pre.-soit day, and it is very 
probable that sntiie iIImmscs require tlie ii,>e nf more eop]>er tlian 
otliers, some lieing succcs.''fully irealeil w ith very small amounts. 

It was early in b'js; tlial the i<!p'a was tirst advam’*-d of using 
a .stock solution fnr tlie making of Bordeaux iiiixt nn‘.- A eer- 
tain amount ui coi']«‘r .-.nlphate i> dix-olveil in a given quant ily 
of water, and ;ujy desired amount c»f the ^alt can I'c obtained 
by taking out the amount of water wliicli IhpIiIs it in solutmii. 
The practice is now also in u^e, to a limited extent, for meas- 
uring the lime. 

Xlic ncce.ssity fjf ad'ling iiim- to th'* i'p»pp.‘i' snljihate soliiliuii 
was not generally concede* Vautiei’ made comparative te.st.s 

> J<'ur. ct'.ijr. rmt. 1 W., ]«, 

» kii'.'nnl, .F., ,/i>ui if Aij. I’rxt. I'"T, .lim. li'l, Jh). 

^Yignt Amiricniu*, Sfjii, (( utg. 
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of the Bordeaux mixture, eau celeste, and of the treatment of 
A. Bouchard. Tins last treatment consisted in the use of 300 
grama sulpliatc (;f copper dissolved in one liectoliter of water. His 
concAilsions were tlnit there is no particular difference between 
tlie three fungicides as reganls ediciency, hut the last is to be 
preferred on account of tlie ease with wliich applications can be 
made, and tlic ciicapncss of the treatments. These opinions 
were not generally uccejited, unless it was in Burgundy, where 
Bouchard’s treatment -,v;cs considered an excellent remedy. 

The disadvantage of Audoynaml’s eau celeste was that it 
Inirned the foliage. On account of the eas<i with which this 
solution could be. a] ‘plied, many attempts were made to render 
it harmless. Miclol i'erret, of 'rullins. said^ tl»at the use of 
one part of ammonia to two of cojiper sulphate would form 
a perfectly sah‘ solution, ile sahl further^ tliut the following 
formula was adnpti.-d in Iscre, where it was known under the 
name of “ BonilHe danpiiinoisi.* 


rii]i]‘er siiljvliate 2 kilos. 

tVaier 20 liters. 

Amnmiiia 1 liter. 


Allow this to stand some hotirs and tiien draw off the liquid- 
This contains the snljilialc of amniouia, wliich is supposed to l>e 
haniifnl to fuliagi'. 

'I'o the precipiUile formed above, add 

Siilpliur 2 kilos. 

Water too liters. 

The sul]ilmr sliould llrst be mixed with the precipitate to 
form a )‘;iste, and the, water is then added, lie favored tliis 
mixhire because the mutual action of tlie cop]x'v and the sul- 
phur was sttch tliat neither affected the wine manufactured 
from the grai^^s. Carnot advised Mhe use of five or six parts 
of the snljihate of ammonia to oiu' ]‘art of copjier sulphate 
crystals. (». de Cat«il saiiP tlmt it might Ih‘ well to dissolve 

^ ,hntr ilWij, l^'T. Man’ll le, HM. 

* IftUl, .fuiiv ’is, ''Is 

.VaC d'Ag. IsST, Marrh tfl. riKtl tn ,J(tnr, {t'-tp', Pvai, ISsT, May 19, 
( 14 . 

* Vn<i. /<><■, cit. 
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in ammonia the hydrates of copper deposited by the formula 
given by Ferret. This would give a solution entirely free from 
acid. 

Another of tire many new remedies jiroposed during the year 
18ST was brought forward ^ by Kniile Massoir. lie n-eouumnKled 
tire use of tire carlioiiate irf soda ami tlie sulphate of (■op[)('r, 
and used these two materials iu ju'onortions varying from one 
kilo of copper sulpliate to one or two of soda carbonate, or sal- 
soda. Tliese were used in one hectoliter - of water. He said 
that the fungicide did not burn foliage ami (iiat it sponid evenlv. 

Dr. (t. Fati'igeon, of Cliabris (Indr^O, Franee, is probably en- 
titled to the credit of having lirst conceived and put into prac- 
tice the remedy proposed by Masson. He describes^ it as tlie 
“treatment of mildew with the hydrocarbonute of copjier.’’ 
The substance was jrrej'ai'ed Ity using 


Copper sulphate 4 kilDs. 

Carbonate of soda i; *' 

^Vater lOf) liters. 


He said it adhered to foliage fully as well as tim Bordeaux 
mixture, and thought it could l)e tisi-d twice as strong as recom- 
mended above. 

A second prepar;ition mentioned by Dr. Patrigeuii was made 
by dissolving with ammonia the ju'eoijutate formed in the ]ire- 
cediiig mixture. The jiroporlions of the ingredients varied a 
little as follows : 

Copper sulphate 1 kilogram. 

Carbonate of soda 1 •' 

Ammonia 1 limr. 

MVer KtO liters. 

The first two iiigredicmts are eacli dissolved in fotjr liters of 
water m separate vessels. The soda carbonate solution is then 
carefully poured into tlie solution itf copjxT sul)>hate, and when 
all reaction lias stopped the ammonia is added. As soon as tlie 
precipitate is dissolved tlie solution may Im diluted witli the 

h'nt. I";, .liin*' 11. Stl 

* A hfctotitfrlft 2(5,416 C. S, giilli.ns t>f ‘ill r(i. iu. ; nr 2‘2,0(KJ KiJff. Ino), gallons 
of2*T.26cii, in, 

s Jour. d'Aij. Prat. IS-sT, June li3, ^79, 
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water. Practically tlua same solution is more or less used to* 
day, but it is known as the ‘^modified can celeste.” Patrigeon 
at tlie time of its introduction, referred to it simply under the 
name of tlie hydrocarbonale of copjx-r dissolved in ammonia. 

d'ho “ ItouilUe berrichoune” is a third preparation introduced 
bv Patrigeon, d'his was made like the preceding, with the 
exception that only a portion of tins copper precipitate was dis- 
solved by ammonia, instead of all of it. He desired that only 
one-third l>e dissolved. This portion would have an immediate 
action upon fungi, while tiie remaining undissolved part would 
act as a reserve snpjdy. Later investigations have sho>Yn that 
such preparations are unnecessary for the successful treatment 
of fungous diseases, 

'i'he aiithracJio.se of gJ'ajxs wa.s at tliis time receiving consider- 
able attention. No report.s of succo.s.s in treatijig the disease 
during t)jc growing season are reported, l)ut all recommenda- 
tions are to tlie etfect tliat applications should be made during 
the winter. I’lie following treatments appeared to be most 
promising.^ The tirst formula was proposed by Michel Penet: 


1. Copjrer sulpiiate 10 kilos. 

Iron “ 10 “ 

Water I(i0 liters. 


2. Tire Schiiorf treatment (see page 23) consisted in applying 


Troll sulpliuto .')0 kilos. 

Water 100 liters. 

3. Ordinary Hordeaiix mixture : 

Copper sulphate 8 kilos. 

Lime 1." " 

Water K5<) liters. 


4. The same as 3, but 12 kilns of copjicr sulphate were 
u.sed in, stead of 3. 'Phis gave the best result.s, but numbers 2 
and 3 follow clo.sely. d'lie first proved to be much les.s satis- 
factory. 


* xfmtr, Prtir. ISS', May 5, Wl. 

* Millunh't, '* NduvelWs Ut'cliorrh^is sur Ic Develop pement et le Traltmeut du 
Slildow t‘( do i’.ymhracnKso,” 18^7, &(}. 

* Ibiil. loc. c/f. 
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Millardet believed that if one or two winter treatments were 
made rej^iilarlv for tliree years, the antliracnose could be entirely 
cured; and at tlie present day tliis grape disease is well under 
control in Kuroini. 

l^Iillardet’s formula fur making the Ilordeaux mixture in 1887 
was as follows : ^ 


Cupper sulphate ^ kilns. 

Qiiioklinie 1 kilo. 

■\Vater 100 liters. 


He also proposed several others, but this is the one wliich 
promised the best results both as regards its application and its 
fungiciihil value. 

In a comparative trial of llonleaux mixture and sulpho- 
steatite on ptdatoes and tomatoes, the powder gave apparently 
the best resnlts.-’ Its value consisted in tlie fact that itadliered 
to the foliage better than the Uordeaux joixture, and that it 
reached the under jls well as the upper side of the leaves. This 
is esjteciallv true for the tomato, and lie adviseii the use of this 
powder upon these t^vo plants. 

The formulas n'coimnended for making the llordeaux mix- 
ture in 1888 all mentioned greatly reduced amounts of coj'jicr 
sulphate and lime. Hillardid and tlayon found* tliat by reduc- 
ing the ainomit of lime the mixture was rendered more aillier- 
eiit. In their experiments carried on at Dausac in 1887, a 
careful study was made of the ctTects ]iroduecil l>y the us<‘ of 
different amounts of (‘opjx'r siilpliate. 'Flu^ original formula 
contained tJ kilos of this .salt in 1 hectoliter of tlu; tnixtiire, 
Millardet and David were so well convimaMl the value of 
these more dilute mixtures tliat the former advised* tlie use 
of only 1 kilo in a hectoliter of water; Imt if a severe attack of 
mildew was fean-rl, the use of '2 kilos was thought to be safer. 

Eau ccde.ste was also used in tlii.s work, but it jiroved to be 
inferior to tlie* Bordeaux mixture. 'Miis was found t(j be true 
even to a greater extent in the case of other preparations con- 
taining ammonia. 

* Jour. <VAy. rrat. I'-T. May 19, T'U. 

* IhuK JuBu 9, '07. See, ‘‘ I’crnnosjinrB rlc 1 a Vigms ct SulplioitCAlltc 
cuprlqas,*' Dr, B. NabljiH, li-j", Bordeaux. 

* Jhifl. ISSS, Mav y, t)i3, 

* im. 6ii. 
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As regards the number of treatments necessary for the best 
and most economical protection of the vine, Millardet says ^ that 
at least two must always be made, ‘‘ but the earlier appearance 
of the disease, its greater intensity, and rapid spreading may 
render three or even four ajiplications necessary.” They were 
made in 1887 as follows t June 10, or some days before flower- 
ing, July 11, and August 8. Tills apparently was not sufficient 
to protect tlie vines fully. 

'Hie conclusions reached Vjy Dr. Patrigeon in his work of 
1887 were lliat tlie price of applications of the hydrocarbonate 
of copi>er dissolved in ammonia (modified eau celeste) was very 
low ; that the formulas for the preparation of the solution are 
remarkably simple and practicable ; that the material is equally 
or perhaps even more efficient than any other fungicide in use ; 
and that it is i>erfectly harmless to foliage. Tliese claims for the 
merit of the solution were indeed founded upon fact, for it has 
been hard to decide, in regard to the comparative efficiency, 
betw^een the llordeaux mixture and tlie aninioiiiacal solution of 
the carbonate of cop^>er, which is practically the same as the 
mwlifled eau celeste recommended by Dr. Patrigeon. 

The American disea.se of graf>es commonly known as black 
rot was finst discovered in tlie vineyard.s of France in August, 
1885. ^Ir. Hicard, the steward of an estate situated at the 
gates of the small town of Ganges at the borders of I’llerault, 
was the first to call attention to tlie presence of this fungus,® 
He saw’ that his grajies turned brown, then black, while still 
remaining upon the vine, lie sent some of these diseased 
grapes to the viticultural laboratory of I'Klcole de Montpellier, 
where Messrs. Viala and Kavaz recognized the parasite. They 
went to the afEected vineyard, and saw that only about thirty 
.hectares in the plain of Gauges sliowed diseased gravies. In 
these vineyards the harvest was reduced about one-half. 

Immediate and energetic steps were taken to exterminate the 
fungus, but in 1880 it again apj>eaved. The season proved to 
he dry, however, and very little damage was done. The area 
of ilistribiition was nevertheless considerably extended. 

On .Inly 25, 1887, Prillieux received diseased gravies from 
Azen, in TiOtrebGaronne, and was directed by the minister 
of agriculture to proceed to the infected district. He found 

* Jour. d'Ay, prat, ISSS, May IT, M4, 
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that black rot existed tliroiigliout the entire valley of the 
Garonne as far as Aiguilloii, In some vineyards it was so 
^vell established that t lie re appeared to be no iloiibt tliat tiio 
disease liad been jn'esent at least a year be tore its discovery 
in THerault; it was consequently imjxissible to deteriuine the 
first place of infection in France. 'Flu? disease was new, and 
at the first not very serious, so that its presence Innl lieeii over- 
looked j)crhaps for more than one year. None of the copper 
compound.s hatl been ti'ied to cheek the disea.se, ami this was 
the most encouraging featiii'e of tlie situation in (lie fall of 
1887. The outcome showed that this fact iiiiglit imleed give 
rise to a lioiie that this new' <lisea.se could be controlled. It 
was ill truth snppre.sscd wifli greater despatch and with le.ss 
trouble than the downy mildew had been, for on August '2 of 
the following year flicre was publislied^ a letter from Frillieux 
in whicli lie says: When we see two n)W.s of grapes, one en- 
tirely devastated, the oilier preserved by treatnnmt, we must 
feel encourageil for the future." 'I'he following week the s:ime 
journal published - another letter from ITillieiix, s;iviug : “ Tliese 
experiments demonstrate with complete certainty, as was sus- 
pected. but without having been positively estalilished either 
in America, wliere the tlisease li.as ravaged vineyards for vt-ars, 
nor in Frain?e, that ciij*ric treat men I can sto]> the invasion of 
black rot as well as of mildew, jirovided apjdirations ai'c made 
early enough, and in a jiroj^er matiner, d'ln- sncei-ss in the 
experimental treatments at Aignillon in ;v year faviuable In the 
disease, as was proved by the complete dr^tniction of the croj> 
on untreated plants, is a guarantee of siifccss in the future. We 
can now combat the black rot as etfeclually as (he mihh'W." 

27o other events of miicli iinjMirtance appear to lia\'e necnrrml 
in France in 1887 nr b''S.S. The use ,,f more dilnti' Hunleaiix 
mixture wa.s not folhoved ly sncli unifnrmly goor] results as 
was hop<?d. S'Weral lineyardlsts recnininended a mixture which 
.should contain not less than 8 kilos copper sulphate in 1 hecto- 
liter of the mixture, and it was tliuiight advisable to juake 
it even stronger for the first api>!ication. Many were also in 
favor of n.sing only 2 kilos. linriiingof the foliage ]jad resnlleil 
from some ap])lications, and tlii.s h-d to the advice of jising at 
least equal parts by weight of quickliine ami co[ij)m* siilpliatn. 

‘ Jour. iV Ag. Prnt. ISSS, Aug, 'i, l.M. * Aug, 'j, lyA. 
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The Bordeaux mixture still retained its supremacy wherever 
it was used in comi»arative trials. Prillieux made one of the 
most satisfactory tests in this direction in his work on the 
black rot in I88H.1 Uy in addition to the Bordeaux mix- 
ture, eau celeste, pure solutions of copper sulphate, sulphostea- 
tit<-‘, and Carrere jsiwder. The relative value of these materials 
was in the sanai ortlcr as they arc here mentioned. The vines 
treated with tlie, [uiwdei s wei-e attacked by tlie disease appar- 
ently as much as those wliich had received no treatment. The 
dates of tieatnnuit apparently had some effect on the efficiency 
of all tiie materials. 'I'lie first applications seem to have l:)cen 
made too late, for Freclion saitP he had obtained excellent 
results from the use of suljibostefitite and also of the Carrere 
po\Yder. Lasserre controlled*^ tlie Vilack rot well by applying 
onlv 1 kilo cop jxn- snlpliate and 11 liters ammonia in 1 hecto- 
liter of water. His first treatments were made April 28 , and 
he ascribes his success to tiie timely beginning of the work. 
He ludieved that the success of Prillieux might have l)een 
even more coin] ilete if his ai>idications had been made earlier 
ill tlie season. 

During issu a new problem was occupying the minds of the 
leading Krencli experimniters. It was the general belief that 
the Bordeaux mixture wa.s too slow in its action, since practi- 
cally none of the eo)>[Krr eoulaiiied in it was soluble in pure 
^Yuter. Another reason was advanced for this tardy action of 
the Bordeaux mixture: Millardet and Hayon said^ that no cop- 
ier could be absorl^ed by foliage until all the excess of lime 
had bemi formed into the carbonate. 'I’bi.s process wa.s stip- 
posed to require from a week to a week and a half. They 
sauH that the cliange took jdace faster during a tine rain, but 
^eveii then it aj)]*eared that the immediate action of the mixture 
as soon as ajiplied was, at the best, but very slight. The. greater 
the excess of lime, the longer appeared to be the time required 
for the, copper to enter into solution. 


’ .four. <V .\<j. Pruf. S9S, 

* Ihiif. Hit. is. sM. 

^ //iiV. /<»<’, fit. 

‘ I hut. 1V.10, 

^ “ X()uvt‘lU‘s lU'rhi'rrljcs inir In D6volrtp}><'nioiU ot k TnUoment du MiWiou 
do rAntlii-acnose," MUIarUet ot Uayen, 1SS7, S-IS. 
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Millardet and fraynn in 1S87 ouiicciviMU the idea nf making 
the Ik>rdeaiix mixture on a ntnv plan. TJiis eoiisisted itj lea^■- 
ingahoiit the tenth of one per eent of dissulved ('oi>jM'r snlplmte 
it) the mixture. As comparatively little was heard of this pi'e|K 
aration, it is probalde that tht- ditliiajlty of its preparation was 
one reason wliy it was lud more extetisi\ely used, ihit othi'vs 
were at work u|>on tlie pioldem and it was eventually solved. 

B. Boris, a chemist at l.imoux (Aude), worked at it from a 
cheinieal standpoint,- lIeloi>k ad\'aiitagt' of the find that M hen 
concentrated solutions of sugai* and of (’o]i)>er siilpliato are 
mixed with each other, there is eventually formed a preei]»itate 
which is a true siilphusaceharate of copper. 'I'iiis precijuiate, 
wtien dry, is in tlie form of a ^■ery tine. Iiliiish-wliite powder. 
Bons inoditieil it in sue!) a m;uiin‘r that the amount of dis- 
solved copivr in tlie Bordeau.x mixture could Im- regulated by 
tjie varying amounts of the powdi'r us)>t|. |Iis directions for 
preparing tin* mixtm-e wen* as follows: 

Di.ssoive 'J kilos of tlii.s powder in IM' liters of cold water. 
Agitate for five to fifteen minutes. Add to lids Jic^niil, wiiile 
stirring well, 1 kilo of ipiieklimi.* freshly slaked in 10 liters 
water. Stir the mixture fur about tive minutes and it is then 
ready for use. At first it entirely vesembles tlie Bordi'-.uix mix- 
ture as conunonlv jii'eparrd. bid n hen tlii.-, /ireei/mate is aihmed 
to .settle the ii^piid ahoi e t/je 'ii^dimmd is of a Mue color, whereas 
in the common Itonlean.v it is dear, t pK^-foitrili of the i'op|K‘r 
containeil in tie* mixture is held in solution in this “Bordeaux 
mixture celeste 'd tlie j»re|iaralion was so eaile.J by Bon.s. 

Bons sent .some rif this jMiwder, wiiieh jte ealleii tlie snlplio- 
saceharate of copper, to .Millai'det and tiavoii in tfidober, 
for the purpose of having it leded.^ They rleseribnl it as a 
blue p(j\viii"r. as tim* as ashes. Imi hoiuogeneous in i harai'ter, 
U’hen prej>are<I, the mixture was vei-y alkaline, and tlie pre- 
cipitate was finer and nioo' aliundant than that found in tJie 
Bordeaii-x mixture. t)ii this acconni tie* .solirl matter settled 

• Millapl-a - t '• r„f,.ja.T.iri.,;,. .ur |, , iMo ri i|.- 

Traiteiri<-rtl <ln [i.'ir l< - cifivn-iu," 1 — 7, Ij. '■,•••. ui''', K- Mre’li, 

"BerWit ii}«-rUi<- Kru' h!it->. it. r )iii .Juhr I-'t’) .in-;.'' TutirMi \ . r-uri).' nw ll« k.dii}.- 
funi.' tjf f " I'-T, v*' 

!".s, |;>, hW, s.t, ai,-., Barr-'ovil, .h.ur. rh,ir»i 

rh*mi*, amf iji, IM.’i, T). 

» /«W, h&ij, Ki.-b. -je, tf/J. 
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very slowly iitui the use of an agitator was ahnost un necessary, 
Wiieii ajJijlic-d to tlie leaves, the preparation was very similar 
to the llonleaiix mixtuni in ajipearance. It adhered to the 
foliage equally well, and althtjiigli a large amount of copper 
was in solnlitm, — ghi graiii« per hectolilei-, — the foliage was iti 
jK) case hurniMl- 'rijese jicjjnts uy>|sair to have been very thor- 
oughly test('(l tlui same year, for the leaves often remain on the 
vines until the mi<l of N<jvmnlxM‘. 

Michel IViret was anotlier who inarle use of this mutual 
action (jf sugar and cop[)er. He aiinoiinced in a meeting of the 
Societe N'ati<male irAgricnltnre de France held Nov. ‘J7, 1881# 
(jcige (ihl of tlic proceedings), tliat in cases of rapid invasion 
of the mildew the action of the Hordcaux mixture was too slow. 
He maintained tiiat some ('(jjipcr slif>uld always be in solution, 
and said that he ha<l ubtaiinal tlie desired result by means of 
sugar or molasses. He iise<l the following formula: 


CopIKjr sulphate 2 kilos. 

CaJ'honate (if soda 3 '* 

Water 15 liters. 


The Copper sul\ibate was dissolved in the water, and the soda 
Cl y St al s ^ve r e t h (M 1 a dd (a \ . W h m 5 t h e pr e eipit aliou oi the copper 
ceasc</| then: ^\a.s added to the ahoi’e 

■Molasses 200-5(Xl grams. 

The mixture was then allowecl to stand twelve liours. and 
then Ferret added 

Water 1 l3C(,’toliier. 

» The finished mixture is uf a deep green ctdor and is VL*ry a<l- 
hcsivi'. Hi.s experiments of that year showed that this new 
mixture pre.siaved tlie vines better than aiiv other in use at tlie 
time. In a letter written later,^ Pernd says that it sutfices to 
use 21 K) grains of iimlass^'s, or one-tenth of tiie Weight of copper 
sulphate, to render .suhibli* the amount of coji]K'r oxide necessary 
lor the rapid action desired. If a larger amount of molasses Ik* 
added, the cllccl is sinqdy to incre;ust‘ the auiomit of dissolved 
copiKsr. 

• (four. (T.ly, tst>0, Jan. 3li, IKI. 
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Tt was stated ^ In' Patriyeoii tluit the atldition of 500 grams 
of dextrine per lieetoliter of those ffingieltles having a solution 
of copper carbonate for their prirjcipal ingredient, woiihl reinler 
them more adhesive. The dextrine should first be dissolved in 
warm water, ami tlien added to the copper s<iliitlon. 

George Heiickei' gives an account of the treatmenbs for mil* 
dew as carried on iit 1S!)(), at the Scliool (d' Agriculture, at 
Montpellier, France,- Tlie exjteriinenls were condiu-ttnl by 
Diieliieu, Tlie list of substances used is interesting from tlie 
fact that it shows which materials the Fivncli at that tiim; con- 
sidered as having value. The liipiids tested were as follows : 

Bordeaux mixture: Bordeaux mixture celeste, containing 
copper sulphate. lime, sugar, and alumiinun ealcidt*; Bordeaux 
mixture aud glue; mixture of caiTonate uf smla and snlpljate 
of copper; gtdatiiions liydi' 0 (‘arb(niale (if copjiei'; \er(Ii't: .'tnd 
a mixture of cliloridi' of (‘nlciiim and alnm. 'Fin' jiowders: 
Skawinski's powder; Skawinskis siiljiltni'; cnprostcatitt* ; snb 
phosteatite; sulphocvanide of copjier; snl[ili;diTl verdet; sulphur 
with the Jiydrati* of coji[)er; snlpliatfd sulpluir; cu]»r<^pln>s- 
phate;^ and sulphur and cnprophosplnde. 

^"erdet was selected ;is Ixdiig the most valiialih' of tin* ul>ove 
materials, lull later wdrk has ind siilis(antiat(‘d this conclu- 
sion, Verdet is an acetate of c<t[ij<(‘f. 'Fhen* are (imny sm-li 
combinations, all being kmovn ninbn' tlie geni-ral nanie of ver- 
det. or verdigi'is. The fni'in used liv Beticker was that tts'lini- 
cally known as the (libasic acidate of copjier. It re(|iiires to be 
soaked in \\ati'r tliiee or four days bebne it is used, so that as 
much as ]iossib|i* will disscilvi-. It may he apjilied at the rate 
of one or twd kilos in a lieciolifei' of water. 

J)e Capol prepared the hydrati* of copper as follows A hjs- 
solvH '2 kilos of (‘oppiu’ snlphat*' in liters of water, d’o tliis 
add 1 liter anniionia, Tiie oxide of eoppi'r is pi'(*cipitab‘d, and 
when it has setlle<l (o tin' liottoin ot the vessid the iiipiid ;diov(* 
i.s drawn off. Tliis liipiiil r'onlains sniphate of ammonia in 

* Bldh'tin hi ihn A\l)'h'ltl)rHI k hr t’ulliVr, Ol't. l.\ ,115. .41 mi, 

J(»ur.(rAfj. priif. l-lifi. ^^ay I,\ TiKi. 

> rro^r^M A<jri,'oh, J-lMi, .^,10; Amtuh Ihrt. bltii. sg 

’This m.'itvriril is easily tii;wlt- tiy uiijliiiL' s(i|iUii<io of scMiiinti ni),| 

coftficr .sn!{ihaU-. It is thrown ,ir,wti fi» n tho other eoiiipouncis reiimiie 

injf in soluttori, 

* Jour. 4'Ag. Prat. Is'sO, March 7, W’. 
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solution, and should be used for fertilizing purposes. The pre- 
cipitate is then treated witli 10 liters of aininoina and there is 
oVitained a inn'iiial solution. Dilute forty times when applying, 
I)e ('apol l>elieved tins to ha an excellent jjreventive against the 
miWew', and he also said that it would not Imrn the foliage. 
The preparation, however, never came into general use. 

Messrs, Skawinshi were among th(i first in France to use 
Schnorf’s remedy for aiithracnose. lint their experience sug- 
gested to them a change in the preparation, ^Yhich led to a 
general modification of the old formula. They remarked that 
the action of the iron sulpliate was stronger wiien sulphuric 
acitl was present in considerable (plant ilies with the crystals. 
They cousetpiently ado]ded the following: 


Iron sulpliaO^ .W kilos. 

Sidphiirur acid, 5:1' ^ 1 liter. 

Warm water 1 heotoliter. 


The liest method of making the solution is to [»our the acid 
upon the crystals of iron snlphate, and then slowly to add the 
water. The amount to b(^ used diiiliig the day i.s tnade in 
themoTniiig; if llie material is allowed to stand for twenty- 
four hours or more the salt re-crystallizes. and tlie applications 
will not he so etlicacious. Skawiiiski washed the grape wood 
once during the first days of February. ’Die i]iii,nediate effect 
upon the wood is to blacken it. and if this color is not uni- 
formly shown, a second application is made to those portions 
which were not toindied Ity the first treatment. Tiie above 
formula has not been uniformly adopted in France, for some 
growers pnffer to inerea.se the amount of acid, and others de- 
crease tlie aniimid of iron .salt. But a.s the practice of spraying 
\vitli such a solution lias V>ccn well established, and since good 
x^sults gmierally fellow the treatment, it is safe to .say that so 
long us the ]daiits are uninjured, tiie use of a definite formula 
is of minor impoidancte 

111 ispo Dr. Fatrigeon gave tlie following directions re- 
garding tlie tnuitment of grape mildew .- lie advised that the 
first application be made about the middle of May in southern 
France, and during the first week in June in the more northern 

’ ‘I'liis (rrudv <if arlil \v.is usi-ii iKY.'iuse It i? h'ss dangerous to handle. 

*your, Prat. May S, C60, 
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parte of the country. Tlic si^cond treatment sliould be m^e 
three weeks later, and a tliird again in three or four weeks, lu 
case of iiece.ssity a fourth sliould bo made early in September. 
He further advised that tl»e material should be applied lavishly, 
during the tirst treatment in particular, and that the leaves 
should be thoroughly covered, lie also said that it sliould be 
made a point to cover tin* young grapes, a recommendation 
whicli does not apjx'ar to liave been made liefore. When the 
Bordeaux mixture was tirst coming iido u.se, Alillardet said one 
, should be careful not to strike the grapes, and lie also made the 
statement that if only a small amount of the mixture fell upon 
the leaf it would still afford ample protection. Experience evi- 
dently had sliown that the work cannot l.»e done too tiioroughly. 

Patrigeon tUil not favor tlie use of pow ders for the following 
reasons : they require moist foliage to adhere well ; tliey can be 
applied only wlien the air is still ; inore ap[>li cat ions have to be 
made ; and t lie vines are not so well [•rotected.i 

lie considertul as entirely unlit for use n|>on foliage the simple 
solution of cop|)er sulphate, and the euu cedes te of Audoynaud, 
because they burned tlie lea^■es. 'I’he materials w liich coiihl be 
advantageously applied were reilnced to tiios»* mixtures or solu- 
tions that contain ropjxi in the lorm of tlie liydrate {hydraU 
oxid>:) or of the hydrocarhonate. d’here were several of these 
already in use. 

Patrigeoii \va.s the first to use and to advise the use of the 
ferrocyani<le of potassium as a test for determining the proper 
amount of lime required in making the Borrl<'anx mixture,'^ 
His direct ion.s wme to add to tlie Bordeaux mixture a few 
drops of a 2<) jK^r cent solution of this (diemical. Ni long as 
dissolved copper exists in tlie mixture, the addition of the 
ferrocyaiiide <d' j)ota.ssiuiii causi's a refldish brown prwipitate 
to appfar. Lime slumld be arlded till no cliaiige. takes place 
when tlie reagent is addi^d. Some viueyardists u.sed him; 
litmus pajrtT for the same ]mi‘]>ose.=’ 

During these years tin* disiuises which a fleet grapes reociveil 
by far the most attention. JoUet and Prillieux were among 

^Jovr. ff: Afj. prat, May t’sVti. ul-ui. “Kvuulon pilUUtilW dvs 

Vitkuln-nr- <ln Mlili." lirlU at Monlp IMiT, Nt.irdi g ]s'.h). 

* Uid. May t.’i, Tin. 

• A. Petit, Le Progrii) AgricoU, Istw, June 1. 44K 
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t}iB first to use the remedies (see page on oilier plants, and 
some experimenters soon folloived their example. Aime Girard ^ 
in IWH and l?Ssi!) made some very conclusive experiments upon 
the potato. Among the points einpliasized hy him may be 
iiieiitioiieil tile fact that curative applications do not assure 
complete immunity; he also noticed that there was a great 
difference in the varieties as regards their susceptibility to the 
iliseusi*. 

Chatrin applied the liordeaux mixture to pciirs in 1890^ for 
a disease comnionlv known as “ taviduve.” It is caused by a 
fungus, I'lisiclfiflitiin and his a]ij)lications are said to 

have been fulluwetl by good results. Anotlu-r fungous disea.se 
commonlv known as “clorjiie/' prohaldy due to some species of 
Taplivina or I'Aoasnis, was receiving attention.® Tiie trouble 
is mentioni'd as alb'cting peach trees. It causes tlie leaves to 
curl in a maimer similar to that which is only too fveguently 
seen in America. Lesne advised growers to s])rav their trees 
with, the ihirdi'aux mixlnre. but this recommendation does not 
appear to have been foumh-d upon sueci*ssfiil work. 

.\iine Girard* ciuidueti'd some t-xperiinents to test upon 
potato foliage the aillu'sixe powers of various fungicides, llis 
conelusions are as follows: 

“1, (htppef nmijHamds adhere to foliage with different de- 
gm*s of ]>ersistence. 

““J, rmler the ai'timi of severe rains. eo|iper disap^iears 
largely mi accnnnl nf tlie meelianical aetitui u) tile water. 

d. Among these (omposit ions tlu‘ one whicli washes tlie most 
is the liordeanx inixfure of various forinuhus. 'I’he diminution 
of tlie )U‘oportion of lime aiignieuts a little tlie adhesive power; 
hut tlie adilition of aluminous materials tloes not pvoiluce any 
sensible amelioration. 

‘*1. The ]uveipitated carbonate of copper {bouillie cuprO' 
S(nliijU)') on the one hand, and verdid on the other, have the 
faculty of a<lhering alt mist twi{'e as well a.s the Uordeaiix mix- 
ture. Hut almve all otlier.s iVrret’s mixture of copi'*er, lime, 
and sugar [see )»age Id] resists the action of rains remarkably 
w'cdl. Therefore the last is to he preferred, other things being 
equal, and its use is ailvised.’* 

* ,hur, r/\I( 7 . ISyO, ,Iuiie 5, JkW, 

* lOUl. Nhy. W, tW. 


s n>id. \m. May 21, TSG. 
* Ibui. Fob. 4, in. 
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In 1801 Millar<let and (layon aUo made a comparative teat 
of various fuii^icides.^ Their work, however, did not consider 
mainly tlm adhesive power of the fungicides, but rather their 
general elficieney. During 1800 tlmy applied the snlplinsaccha- 
rateof copper of B. Pons (see page Pi). 'Die down\ mildew ^Yas 
not sutficieiitly severe to sliow tlie value of the fungicide and 
no report could be made. In ISlU Pons sent another prepara- 
tion to ^lillardet ami (Jayon. this l)eing known niuler the con- 
venient term “ ImulUe ecleste a pomli'e It 

was in the form of a viuy tine blue powder, and wa^ composed 
essentially of tlic powder of Bordeaux mixture cedeste, sulpliate 
of copper, tlie carbonate and the bicarl mn ale of soda. 

Tim amount of tlie powder used per liectoliter of water was 
two kilos, this containing exactly one kilo of eop[H'r .sulphate. 
The ^Ktwder was added to the water, was thoroughly stirred, 
and tlieu applied. The material is so tine that it settles very 
slowly, probaldy not Itefore twenty-four Imiirs; the lupiid 
above it is blue ami contains a little more than one-tenth of 
the total amount of copjkO' in solution in the form of the bi- 
carbonate. 

The above pre]uratioii was used in comparison with the 
foUo^ving tile Borileaiix mixture as ciniimonlv made (see pa'^e 
10). Bordeaux mixture eideste (see ],;ige j-J), Bourgiiignoune 
mixture (siv page ;L>), Berriehtme mixture of Putrigeon (see 
page di ). Bordeaux mixtiire and tin* sulphate of aMiinonia, ami 
Bordeaux inixtnve and glue (si'c page L‘S). Tin- results of these 
applications were as follows: 

“1. All the mixtures, containing eijiiul amounts of copper, 
have sliown an equal degree of etfummev. and tlie attack of 
mildew wa.s severe. The mixture (mntaining the sulphate of 
amnionia Vniriied tlie toliage oeeasionullv and is tliereforo more 
uncertain in its action tiian are iln* otliers. 

“2. Tlie mixtures whicii euntain copper in a state of solution 
do not appear to lie more uelive tlian tlie eoinuniu Bordeaux 
mixture and the Boiirgnigiinniie mixture, eadj <,f wljieh jvm- 
tains none. In no ease was there tor some time a iiard rain 
after the applications, a eireninstain’e wldcii should ditnini.sh 
the efficiency of tliese two preparations, and augment compar- 
atively the efficiency of tlie others. 

* jrtur. d'Ag. rrni. Kf;b. Is, 231. 
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“ 3. Th« bouillie bonklaisc celeste a poudre unique is as 
effective a.s the otliers. This is an iinportant point, for the 
mixture is easily prepared and it dispenses entirely with lime, 
which is the main objection to tiie Bordeaux mixture. 

“4. 'file use of one kilo of copper sulphate in these mixtures 
is not sufficient for obtaining the best resvdts in treatments 
similar to tliose just mentioned. If more of the sulphate is not 
used, a larger mnnlier of applications must be made, or more 
material itsed at each apjdicatioju*’ 

A case is meutionedi in which ap[)lications of sulphosteatite 
were followetl by as good results as could be expected from the 
use of the Ihji'deanx mixture. At yorboiiue, Cenon. and in 
other portions of France near Bordeaux, this powder liad 
been regularly used for years in tlje prevention of mildew, and 
it proved to l>e very efficient in preserving the fruit as well as 
tlie foliage of the vine, (!ven during seasons when untreated 
plants lost all tljeir leaves. At the estate of Ando(pie de 
Seriege, near Xorbonne, tlie powder was a)i)>lied thronghout 
the vineyards in connection with sulphur. In this manner 
both tlie downy mildew and the oidium were simultaneoiislv 
treated. Some growers in tliis region used tiie Bordeaux luix' 
ture early iu lie' season, and suli>liosteatite for later applications. 

At presmit hut lilth* exjMM'iniental work is being done with 
fungicides in Fraiici'. The Bordeaux mixture has become by 
far the most popular fungicide, and there are now' no indica- 
tions of a sn]>erior article to n-place it. Fungous diseases do 
not apjiear to be so geiiorally sev(*r(> in Furo]ie as in America, 
and this aecounts for the fact that grapes and potatoes, which 
are tlie iilants most seriously attacked, are the only ones gener- 
ally treated. A]ipIications are made u]>oii other jOants as well, 
luit only to a limited exh-nf. ami for less serious diseases. 

The vim^yards of France commonly receive the following 
applications, tlie ivork Iteing considered as a regular duty, co- 
ordinate witli cultivation or pruning. It is an establislied fact 
that the vines must be sprayed, and ilie work is done essetitially 
as follows. Tliree or four applications, depending upon the 
season, are considered sufficient : 

1. The vines are sjirayed wlien in blossom, or soon after, with 
the Bordeaux mixture. 


* J<jur. (VAg. Prat. Isttl, Feb. 16,231. 
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2. TJie application ig rcpeatetl in four or five weeks. 

3. T}>e mixture is a[>plie(l witliin three to six weeks after the 
second treatnieiit. If tlie weather is inclined to be w’et, a 
shorter interval is allowetl tietween t)u( two. 

4. A fourth application is not rej^nilarly mad<\ In case of a 
wet season it is made three or four weeks after tlie tliird. A 
fifth treatment is rarely tliought necessary. 


Insedkkhs. 

The insecticides in use in France during tliese years are, with 
few exceptions, still of the sann* gtaicral cfiaractci' a,s tliosc used 
in the past. Hlack soap was very commojily eiiiployed. It 
was recomniendedd in comie<*(ion with ainylie alcohol, for the 
destruction of the ’‘jmceron lanigcrc” (woolly aphis), The 
formula given is; 


Black seaj) ',V\ grams. 

Aiiiylii’ alL'oIio] .()(> 

Water 1 liter. 


Dksolve tlje .s<^a[) in the water and tlicii add tlie alcohol. The 
material was applied iw means of a brodin or a syringe. 'I'he 
alcoliol was .s<jmetimes replaced by lOjH'rcc'ntof [)heiiie a('i<], tliis 
and the soap fui'uiitjg an emulsion, 

Otlier recommetiJations for the destniction of the same in.sect 
have al.so been made,- in adJitiim to the black soap vv;ush are 
inentiotied: 

Aloes 4 grants. 

Water 1 liter. 

Abo, 


Oxalic arid 1.*) grams, 

Water 1 liter. 

And another, a commercial preparation; 

Inscetieide Fiehet lP)0-;too grams. 

Water In liters. 

^ Jour. d'Ag. Pritf, i'^7, May 12, > Ihitl. June ge, &23, 
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The most important additions to the list of insecticides made 
in France were American remedies. During 1884 , Professor 
C. V. Kiley of the Agricultural Department at Washitjgton, 
visited France, and in an address delivered before the Socii^te 
Centrale d’Agricnlture d(; I’llerault, June JO, 1884, he spoke of 
the emulsions of kerosene with milk or soap, of the arsenites 
as used in America, and of pyretljriini J Tlie formula for mak- 
ing the first preparation was as follows : 

Petroleum 8 liters, 

Common soap 175 grams. 

Water 4 liters. 

Dilute witli water as experience may sugge.st. The directions 
were sliglitly moditied in later year.s, hut on the whole this 
remedy was so(jii widely used in France. 

Although tlie attention of ex [su'im enters was more particu- 
hirly directed towanls tlie fungous diseases of plants, various 
otlier insiicticides were tested. 

For large caterpillars, I.-tuzour advised the use of 


Water 2-5 liters. 

Sulpliide of i)(»tassium 1(X) grams. 

Black soup 250 ** 


The soap and the .^uljihide of potassium are separately dis- 
solved in a few liters of water, 'fhe two are mixed, and the 
remaining amount of water is added immediately before the 
applications are made. 

A remedy .snpjiosed to l>e particularly valuable for the de- 
struction for the woolly aj*liis was made by taking, 

Water 

Benzine. . . . 

Strong glue 

This was to he ai^plicd in ^farcli and April. A decoction of 
datura plants, wlion nsotl with the sulpliate of iron, was also 
reconi mended, as \s tdl us ainylic alcohol and .soap water. - 

AiU)ther i>reparation of a more complicated cliaracter was 
recommended for the .same insects. Chemicals having proved 

1 Aijrii'xif. I "‘4. .Inly 10. 

d'Ag, Prut IsIH', Junr 10, 90l. 


.100 grams. 
50 

, 10 “ 
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so valuabto in tho destruction of fungi, it was probably sup- 
posed that some material could be foujid which would bear 
the same relation to insects that the copper compounds do to 
the mildew. The i<lea was certainly a good one, but since no 
such substance at that lime in general use by the French has 
remained as a leading reined}’, their new introductions appear 
to have been at least only ]>iirtially successful. The use of tlie 
following formula was advised : 

Salicylic acid 2 grams. 

Rod oxide of mercury 2 “ 

Pyrolignic acid 1000 

The above was diluted with dO parts of water when applied. 

The cochylis mMCcfr/ifl) is an insect wiiich often does 

nnicli damage in French vineyards, as it feeds u[ion the leaves 
and the inner portions of the ben’ies. One jireparation wliicli 
was recoin mended^ for its destruction is iiiiule as follows: 

Cart)<ui:ite of soda HKt grams. 

Rain water I hectoliter. 

When dis.solved add to the .solution a mixture of 

Carbon bisulphide 1 part. 

Oil (Colsa, eic.) 1 “ 

The last two ingre<lieiits form an oleo-snlphide of carbon, 10 
liters of which are poured into caeli hectoliter of (he carbonate 
of soda solution, tlnis fonniiig an eimilsion of carbon bisul- 
phide. Quantin. direct urtjf the agricultural lalioratoryof Foiret, 
.said he hatl freerl liis viiii's of tlie cochyli.s by means of the 
ab<n'e reniedy. 

A. Leslie* tl'ied (‘xperimeiits uith eighty ]>i'epai'ations for the 
destruction of the cmiltylis. His work .showed that a prepani- 
tioii of pyrethniiM and soa]i gavr' th(‘ bc*st results. He h.ad it 
tested by thirty-sevmi viiieyarrlists and most of them rejtnrted 
favorably regarding it, d'lie ingredients asm I were 


Black soap 3 kilos. 

Warm water 10 liters. 

Pyretbrum ixovtlcr 1-H kilos, 

• JoHr. d' Aq. I'raf. hlU, .Vug. 'jo9. * /hhl. 1'!)?, .M«y .y fttQ, 
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The pyvethrum is added to the soap solution and the two are 
well stirred ; 90 liters of cold water are then put in, and the 
mixture is ready for use. 

I^Iany other preparations were ma*le, hut they were composed 
principally of the ingiedieiits mentioned above, althou|^h the 
combinations and the proportions varied more or less ; petro- 
leum, however, is very often mentioned in them. 

The arsenites have not as yet been ap[)lie(l to any consider- 
able extent, and the use of j)yrethrum lias been limited, yet the 
time may come wlien the former will be applied as freely as is 
now done in America. 


11. Js Italy. 

Italian horticulturists have followed the French so closely that 
little can he said concern in jr the discovery of new methods in 
Italy. Milk of lime gi'eat promise during tlie first year of 
the invasion of the d(}\Miy mildew, as already mentioned on page 
20. Ibit tills substance was soon reitlaced by the copper com- 
pounds, and the Freiicli methods were adopted almost as early 
as tliey were in France. At present, tlie Bordeaux mixture is 
also the standard fungicide in Italy, and sprayed vines can 
every wliere bo soon diiriLig the summer mouths. 

Italian oliemists luive, liowever, taken the lead in the study of 
the various materials usetl as fungiciiles, and the jirincipal re- 
sults of their work of tliis nature will be found in the chapter 
treating of the materials and formulas used in spraying. 

III. Ix Otiikr (’oxtinkxtae. Ei'kopkax Couxtkiks. 

^ The European mildew of the grape {Oidium Tuckeri) is said^ 
to liave been introdnceil from England into Germany about 
forty years ago. iiml from then^ it spread to France, the Tyrol, 
and Italy, causing mueli ilamage. The remedy generally adopted 
was to a]i])ly flowers of siil]iliur upon the fruit and foliage, and 
this proved (‘fleet ual in preventing its ravages. 

The downy mildew, howtwer, was introduced into Europe by 
way of .sou f he ri 1 France . A 1 1 h o u gl i i t w as r a pidl y d isse min ated, 


> Held, “Weinl.tui,” ISUt, 126. 
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the proper remedies for its control weie soon found, and as the 
disease became mo re widely distrilmted, the. best remedies dis- 
covered in the region first attacked wei'e adopted by the newly 
infected districts, with jiracfiealiy no modification, ft lias thus 
been brougiit atanit that the Bordeaux inixtui'e, tlie ainnioniacal 
solution of copper carbonate, the eau cel(‘ste, and solutions of 
copper sulplnite, have becoim* standard remedit'S in those coun- 
tries whicli liave been last to siilTer fnun the importeil American 
diseases. These fungicides are generally applieil a.s in France. 
In (lermany, lio\ve\ (‘r, care is taken that no a]>plications are made 
during the Idossoming period, and there seefn to he good reasons 
for the practice, l.alei’ applications are 7n,ade often eiiough to 
prevent injury from foiigi, the mimljcrs varying from two to 
five, three being mon* commonly made. .Viithracnose of the 
vine is treated as in France, and api^oars to be held under eon- 
trol without miicii dillicnlty. 

Confidence lias thus again been restored where not more tlian 
ten years ago there prevailed the greatest anxitAy regarding 
the future of the grapt^ industry. 


I\', Ix l'lxi;r..\M>. 

The Fuglish lia\e bet*ii >hiw to adopt new remedies for plant 
diseases, \^'llile Freiioh gn)W*>rs wm'e struggling t(j oven-ome the 
downy mildew nf the grape and the rot of potatoes, Ifi-itish gar- 
deners wer*’ prai'tii'ally helpless in »lraliiig itii them. Kveti alter 
success had rewardt-d tlieir sontlo'ni neighlmrs, the new methods 
were l)ut slowly adoptei) in Fnglaiid, 'I'lie Imrtiriiltural jour- 
nals of tliat coiiiitry, on the eontiarv. were (|tii('k to see the value 
of the work that wa> being <!oiie, and the l*'ieiieli recomrnenria- 
tions Were repi’atedly piil)!i»lied. Tin* first account a)>[icar.s ty 
have been given in 77/e iiovihn, ,•/ ( 'hi-iiu'n'i> This was a trans- 
latiouof ,a re[)ort rnadel/y Friliieiix. ii)s[M'efor-geiieraI ofagriml- 
tnraledncation, to tin* niini^ferofagrirtdtiireipC Fraiii'e. regarding 
the value <if a mixture of ei/pper .-nlpiiale nnii lime against the 
mil«|ew of till* \ iiie, I he aeeoiinl •‘oiitaiii> a brief liistorv of the 
work tjone in the .Mi-iloe, and also fiieiiiion^ tite names of the 
men wiio were m</st prouiinently (■//nneeted with it. 

1 li’inL i'hron, Nr.v, 7, 7jl, 
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T)iG sulphide of potassiuiri was at one time very highly recom- 
mended in England. It was first successfully applied hy Ed- 
mund Tonks.^ lie used m^e-lialf ounce in a pint of water, and 
it proved to he very (iffective in controlling the mildew of 
roses. 'I'his soon lic'came one of the best known remedies in 
England, and may have been influential in delaying the adop- 
tion of French practices. 

A note published in 1887^ says lhat “the sulphate ot copper 
is being used largely in America and France against mildew on 
vines. It is even suggested as a remedy for potato mildew, hut 
as this grows in the interior of the plant it is difficult to see that 
it can effect iimcli good. Amongst several methods of apply- 
ing the cop]>cr solution, tlie simplest is to dissolve 1 pound of 
the pure sulphate in ‘2o gallons of water. Spray the vines 
with a force-pump witli a nozzle of fine aperture. The addi- 
tion of 1 pint of ammonia to the above solution adds to the 
effect. By ammonia we pi't-sume a solution of the carbonate is 
intended." 

'Die )>rogvess made in France was carefully watched by some 
of the English jonriiids. 'Die results of the more imjwrtant 
experiments <we imldislietl, and English gardeuer.s were not 
wanting in information vi^garding the value of the copper eoni- 
jK)unds. .V few of tin* iiioro important articles may here be 
mentioned. 7V/e (lurderu rs' ( 'hmuicle was especially active in this 
respect, and in 18,ss it gave an account of the method of mak- 
ing the B(H‘d(‘aux mixture ,as recommended by Prillieiix. Three 
weeks latm"* it speaks of the experiments of Frillieiix regarding 
the treatment of potatoes for the blight. 'Diese experiments 
were very successful, and if tlie mcthmls had been adopted in 
England great losses would have b(‘cn prevented. During 
January of tin* following y»‘ar^ thmv ajipeared a translation of 
article in the lirr\ic llnrtirnlr regarding the ]’tro]ier inanufact- 
^urc and use of the snlpliale of copper and lime mixture. Sev- 
eral .such tran.-;latinns were made during I^IKK but these were 
apparently not licedcd until ISJtl.^ when thelloyal Agricultural 
Societyof Knglaml comlncted some experiimmts for tlie preven- 
tion of hlight upon potatoes. Tltese exjM'riinents are jirolnibly 

* (t’ltrtf. < 'hr<iH, Iss'i. Kvb, 'i?, 2TC. * Ktid. Sept. ‘2‘2. .TO, 

* Ivh 7. fi. iM. s //,),/. 12, .">*1. 

« I hid. Si.pt, g 2M. H'id. IMH, .Viis, 1, WT. 
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the first of any importance -which ^YCl‘e uiidertaken in England, 
yet tliey were not liegiiii until four years after the value of the 
copper CO I upon mis had been known tiiere. Messrs. Sutton and 
Sons undertook a similar work, d’hese lirsl, trials were Jiot so 
successful as liad been iioped, and undoubtedly prevented, to a 
certain extent, tlie more general adoption of the remedie.s. 

Tlie Kreiudi authorities were aliin)st exclusively quoted until 
1891. lly this time tlie work in America had assumed such 
proportions tiiat mueli information of a very varied character 
was contiiutally appearing. 'I’liis w;is fi-eely ab.stracted by the 
Eiiglisli journals, and during 1S90 and 1S91, doubts regarding 
tlie value of tlie eopper cotiijumnds as fungicidi’s w'ei-e partially 
removed from t)ie minds of Knglisli ganleiiers. Hut faith came 
slowly. The Higlilaiid and Agrieultui'al Socii* ty made ex- 
periments which were diseoiiraging in their results,! 
rule the first trials were not follos\ed by such marked benefits 
as were reported from coidineiital Kiiropo. As the metliods of 
making tiie ap[>Iieation improvetl, liowever, the growers heeame 
encouraged, and during the last two or tlii'ee years potatoes liave 
been very geiu'rally treated with Ofipper coiii[)ouiids for the 
Idiglit Ity the more progressive growers. 'Die successful issue 
of experiments marie in the riiitr't! States lias, no doubt, ma- 
terially assisted iu bringing alien it tliis result. 

Tlie new' insecticides lun’e boon adojitedby English gardenens 
even more slowly than were the I'lnigirides, Although (he value 
of kerosene for the do-tmetion ef insect life lias lotig^ been 
known there, its usi‘ is still very liniite<l. Tliis. in all proliabil- 
ity, is due to tin* fact that tin' remedies alread\' at liand are so 
etfeefive that little demand is b'lt for otliers, ~ a condition of 
atfairs upon which English gardeners are to be congratulated. 

The arsenites also are vm-y rarely :i]>jilied, not only in England 
but throughout Euroi-K*. 'Hioir use is not. so imjv*rativelv 4'*- 
maiided as in America, and as there is a certain amount of 
danger in having tfiem ufion (he premises, they ba\'e not been 
looked u|Hjii with favor, d'lie use of arsenic for the deslruc- 
tion of insects is by no means a iiovidty in England. Mr. 
Gordon, thesiijieriiitendentof the ornamental department of the 

^ ThA (Jnrrlfn, ISp:', Kcl), fi, ii|n,ri an article apiS'nrtng In the 

^Iftrning hmt. 

• Gard. Chron. Jnlj' I.';, 35. Also known as I’amdlni' In KiiKlaiid, 
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garden of the London Horticultural Society, says that ‘‘small 
brown ants are also very troublesome [to orchid growers], but 
they may be destroyed l)y placing sugar and arsenic, ground to 
an impalpable powder, on bits of card near the places they fre- 
quent.”^ A fear of jKUsoned fruit following the use of arsenic 
has also l)een expressed, and tliis, although perfectly groundless, 
has worked against the iiilroductiou of such remedies. But 
nevertheless, spraying has now become the rule and not the 
exception in some parts of Kn gland. ^ This applies particu- 
larly to “ the various fruit farms around Kvesliain and Pershore ” 
and may also be true of otljer localities. Tlie benefits derived 
from the practice are being appreciated, and eventually all 
growers must see the necessity of its adoption. 

V. Ix Austualasia. 

Plants suffer from disease wherever they may be grown. 
If they are introduced into a new locality, the old diseases fol- 
low them. Such lias lieen tlie case in .Australia and Tasmania. 
These countries have recently taken a prouiinent position as 
producers of fine fruit, Imt Iumu, as elsewluTC, the liorticulturist 
must be constantly on the alert to save his crop from some other 
claimant. Tlie spray evidently did not meet with much opposi- 
tion in those far-away lands, Imt it was welcomed as an ageivt 
whicli would a.^.sist in t)ie {U'Ofluction of more {lerfeot crops. As 
early as 1880, F. S. Crawfonl'^ exi>eriiuented with ferrous sul- 
phate and later he recommended its use at the rate of one 
pound to ten gallons. It wa.s only to be applied to dormant 
wood. Tlie following compounds are also mentioned, all hvd 
tile first two Ix'ing quoted from American publications: car- 
bolic acid emulsion, copper sulphate, eau otdeste (Audoynaud 
process), eau oeh'ste (modified formula). Bordeaux mixture, 
sulpliafiue, sulpluiliiie (Havenport’s modification), and David’s 
powder. 


* r,cori;e Gordon in a jiapcr, “ Xotos on the ProjKT Trontment of Ejiiplivtal 
Orcliuls,” «/<no‘. t]f thf htutint) fhiH, I'kic. Iv, ly. oommoiiU’nUHl in Xov. l54S. 

*Joiir.uf t/if fiot/iil Itort. S>^c. i'«y.\ .Inn. KV. 

* Kstr.^'.rt fVoni a junior Ity K. S, l>.iwforil, road at Gio ('onm'ss of Uio Central 
Bviroau of Aj:rleultnre of Soiilh Australia, lickl in AdrlaUle, 5SW, March 4-7. Cited 
b Uaril. Chron. ISHO, .Inly U>, 6?, 
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Tasniania lias been remarkably vigorous in fighting insect 
and fungous pests, and tlie government lias passed a law (52 
Viet. Xo. lij) whieli makes it a finable offense for a grower to 
neglect cleaning his orchard: 

“‘The Colony of Tasmania is divided into thirty “fruit dis- 
tricts *’ to make better provision for the destruction of the 
codlin-moth. Every person wlio sells, or offers for sale, any 
fruit infected with tJio moth is liable to a penalty of five 
pounds. 

“‘Bandages to be placed upon the trunks of the trees not 
later than Decemlicr in each year. 

‘“Farmers shall remove all rough and scaly bark from trees, 
and burn or otherwise effectually ilestroy siicli hark as .soon as 
removed.' 

“ Similar method.s are in use in Australiii. There are persons 
appointed by the Agricultural Bnrean in each district (I believe 
there are eighty odd districts in Australia, and over thirty in 
Tasmania) to see that tlie law is not evaded.”^ 


^Jour. of the Rijijdl Ilort. Sw. Jaa. 1S5, 



CHAPTEK III. 

SPRAYim J.V AMERICA, 

I, In thk Umteu States. 

Spraying for Leaf-eating Inseds and the Codlin-moth. 

It was not until abuut ISiOO, when a ravtuous '.insect — the 
currant worm — had been introduced into the Eastern States, 
ajid another — the potato beeth; — into tlie Western, that Amer- 
ican fanners fully realized the necessity of discovering some 
materials wiiicli would be more energetic in tlie destruction of 
insect life than an.y at tliat time in common use. Hellebore 
was only partially successful in treating tlie currant worm, as 
the fresli article could not always be. oldained, and it was of 
little value after having been long exposed to the air. The 
insecticidal value of kerosene had long lieeii known, but the 
use. of the oil was not nndi'rstood, so that it was only sparingly 
apidied. In the Eastern states, tlicrefore, tlie progress of the 
currant worm was not very seinously checked, and the majority 
of the plants were defoliated year after year. 

Since tlie. insecticides tjien known were of so little value in 
extermiiiatiiig a soft-bodied, chewing insect like the currant 
worm, how much less would lie tiieir effect upon such a vigor- 
ous and well-protected individual as the potato beetle! This 
insect, a native of the Rocky Mountains, began to travel east- 
ward when potato culture had extended so far to the west tliat 
the plant was grown in the territory occupied by the beetle. It 
then left the plants ujion which it had been feeding, and at- 
tacked the potato vines. The march to the cast tlien followed. 
In 1859 the insect had reached a point one hundred miles to 
the west of Omaha City, iu Nebraska." ^ In ISdS it extended 

1 KUey, “ PoUto Peste/' IStC, H. 
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to central Missouri and soutliern Illinois. Tn July, 1870, the 
insect was fouiKl in Ontario, Canada ; and in 1872 it arrived 
in central Xew York. Two years later, it reached the Atlantic 
coast, having crossed nearly two-thirds oi the continent in the 
short space of tifteen years. 

The insects ate as vii,o)rouslv as they traveled. Potat*) 
fields were stripped of every vestige of foliage; desolation 
could everywhere he seen; and as this increased, the yiehl of 
tubers decreased. At first, it seemed as if nothing could stop 
the ravages of tlie pest, iiml it tliveatemnl the entire potato 
industry of llie country. All known I'eniedie.s failed, and the 
future must have aj^peared dark to tlie irestern p/anters, until 
some remedy could be found tlnit would destroy the beetles, 
and save the foliage of the vines. 

Fortunately, this remedy was not long in coming; but wlio 
first suggested it, and who first used it for tlie <lestruction of 
tlie potato beetle. \Yill perhaps never be told. Paris green 
appeart'd upon tlie scene sometime between l8t)() and 187<1. 
The use of this deadly |>oison may have originated with .sev- 
eral persons; fur some poison of this nature was evidently 
needed to destroy such a voracious feeder, 'hhe use of l*aris 
green as a standard insecticide nnilouhtedly liegan in the 
Western States, and there the applications to the vinc.s were 
considered as of primary importance in securing a crop. The 
use of the poison was. to a limited extent, ciiccked by the 
possilde dangers connected wiih its careless luindling. It is 
also Y'crv injtirioiis to foliage, when aj'jilied ]mre, e.sjH-cially in 
large fpiantitics, and tiiis may iiavi* exert t‘<l a certain infinence 
in preventing its general adoption. Put the weight of these 
ol ejections was soon overcome l)y the absolute necessity of 
treating tlie Y ines in order to save them. 

In 18h‘8 the valin,' of the poison appears to liave been fairly 
well known, ^ one man going so far as to obtain a patent iijsin 
a mixture of one part Paris green and two of mineral paint.* 

1 Aniyrioin EntuMoli/f/iKt, l-W, July, 210, eititu: fiMiii the (tils.) 

Ottzettf . ’rtic vfhnirs till* Etif. (ilsD (■aiTlt'<l *iii (‘Xju riuK'nts tii bt'S, Sft*, 
also, an arronut of the t’XjK'ritni'tits innclc tiy Samnh'r^ unit Itt'i'J, In wtilcli witi' 
testoj Paris irrcm, arsoriiitiis ncid, nnijuT Milphntf, Mi-'liripUiaU' of jiotasli. jxiWiliTi'd 
belletjore, earbonaUf of linin, and a-ilu's mixod with alr-slnkod lime; none of these, 
except Paris ^eeu, were found to he of value. Vnundian EiiUmoiogini^ IS71, 
July, 41. ^ Uiley, V, H, EmU Coin, ISSO, Bull, 3, 5T, 
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In after years, several otliev patents were granted npon various 
inixUires iu which this poison lield a prominent position.^ The 
arsenite was most generally applied, however, by being mixed 
with flour, plaster, or ashes, the proportions varying from two 
to ten or twelve parts of tlie diluent to one of the poison. 
Tiie proportion of poison w’as greatly reduced in later years, 
only one part to twenty-five or thirty being used. 

Applications of Paris grwm, when mixed with water, do not 
appear to have been cotnnionly made during the first few years 
following the introduction of the poison. The dilficulty of 
transporting the water ap))e,ars to have been one of the main 
objections to this metliod ; a)\d anotiier, perhaps an even more 
serious one, u as the injjjerfect distriliution which resulted from 
sprinkling tlie ])Iaiits with the aid of only very unsatisfactory 
appliances, watering-cans or brooms being at first used for this 
purpose. It is only since the introduction of improved ma- 
chinery that tlie poison has been generally applied in thi.s 
manner. 

Tiie success attending tlie use of Paris green in the destruc- 
tion of the potato-beetle soon sugge.stcd its application to plants 
tiiat suffered from similar in.sect pests. In 1872 Kilev sug- 
gested the treatment of cotton plants with Paris green for 
the destruction of tlie cotton worni.^ It was advised to use 
from one-half to one pound of the poison in forty gallons of 
water, this being considered as sufficient for a single treatment 
of an acre. The poison is still extensively used, altliough the 
proportions of the water and the arsenite luae varied. 

Le Baron, in 1872, made a suggestion which was followed 
by conserpiences vastly more imfiortant than were probably 
dreamed of liy its originator. Tlie spring canker-worm of the 
apple was doing nmcli damage in the West, and in spite of the 
many devices invent ml for it.s capture or destruction, the pest 
continued to spread, and .serious losses ^Yere inflicted. The 
recommiMidatioms made by Im llarom^at tbal. time state entomol- 
ogist of Illinois, were for the growei-s to place tiieir main reli- 
ance upon measures which prevented the insect from gaining 
a foothold in the trees. In case sncli precautions slionld be 

’ Kilyy, r, A EhL Com. issc, Hull. s. 6T. 

® Second Am-. Jiept. on the Xbxmii Imecte o/ the State otf /i/ow>i'8,18t2, 116. 
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neglected, however, lie says that “ strong wfishes, such as Paris 
green water, or suds made from tlie wli ale-oil soap, thrown 
upon tlie trees with a gaialen syringe, will also materially cheek 
their depredations/’ This is tlie first statement which I have 
been able to find in which the syringing, or spraying, of apple 
trees wiili Paris green is recoin mended, and it was adopted to a 
limited extent iu Illinois in 1873/ 

This note attracted but little attention on the wliole. It was 
not until four years later that Cook advised the use of Paris 
green for the destruction of canker-worms, and even at that 
date its use was supposed to injure the tree at certain times, and 
the total loss of fruit was not thougtit improbable.^ In 1378 
many orchardists in iMichigaii sjirayed tlieir trees w'ith a mix- 
ture of Paris green and water, and from that time the use 
of this poison has been considered, in tiiat Kiate, as (he best 
means of destroying tlie pest/ Eastern growers, with scarcely 
an exception, were slow to imitate tlie more progressive /Vesteni 
pomologists. As late as 1877, 11. T, Brooks still recommended 
to the members of the Western Xew Yoi'k Ilorticnitiiral So- 
ciety the use of bandages upon apple trees to prevent insects 
from ascending the trunks; and two years later a member of 
the same society “luid known them [the cankerworms] d<i- 
stroved by showering the trees witli a solution of Paris 
green.” ^ 

Paris green, or some other form of arsenic, ^v<ls nevertheless 
destined to play another imirortaiit part in the destruction of 
insects tiiat were injurious to apples. Tlie codlin-motli, which 
in the larval stage causes apples to be “ wormy,” was flourishing 
unchecked upon this iVuit tln'ongliout the Central and Ea.stern 
States. Several remedies were suggested, but none appeared to 
posse.ss much practical value. An effectual remedy was eventu- 
ally found, not by entomologi.sts, however, but by practical 
growers. The first statement that attracted attention, and 
wliich wa.s followed by clo.se investigation, appears to have 
been made by Edwarrl P. Hayucs, in 1878, He was then living 
near Hess Road, Xiagara County, X.Y. 1 n the spring of 1 878 he 

1 Third Rrpi. T, .S'. Ent. Om, 1SsO-sl>, m. 

® liepl. J/icA. Rom. hioc, IsTfi, 4.3. 

3 /m. IStS, 286. 

* Chapin, liepi, of Went. X, I fort. Soo, J 873, 74. 
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applied to J. S. Woodward, of Lockport, N.Y., for advice in 
regard to the best method of treating the canker-worms which 
were then ruining his apple trees. Mr. Woodward advised the 
use of Paris green. 1 will here quote from a letter which Mr. 
Woodward was so kind as to send me in May, 1894: “I ad- 
vised him to spray with Paris green, and went with him to get 
the necessary apparatus. He took it home and used it, and 
when I saw him again the following fall, he told me of its hav- 
ing not only rid the orchard of canker-worms, but that the 
apples on the sprayed part were much less eaten by codlin- 
moths. I was so mncli interested that I went to see the or- 
chard and was convinced that the spraying had done what he 
had said. This fact I reported at the following, January, meet- 
ing of our society [West. X. Y. Hort. Soc.] and shall never for- 
get this because of the way in which I was jumped upon as a 
crank.” ^ The record, which may be found in the report of the 
society, is undoubtedly the first that gives an account of the 
successful treatment of the cod lin -moth by means of Paris 
green. The same fact wms also mentioned in a meeting of the 
Michigan Pomological Society held in Hillsdale, Feb. 11-13, 
1880.^ At the annual meeting of this society, held at Ann Ar- 
bor, "Dec. ()-8, 1880, Professor Cook reported having used the 
remedy suggested by ^Ir. Woodward with the following 
result: “I thoroughly sprayed some Siberian crab-apple trees 
the 25th of ^lay, and again the 20th of June ; but I used I/on- 
dou purple, 1 tablespoon to 2 gallons of w'ater.. The fruit 
of these trees has been seriously injured whenever they have 
borne during previous years. This year they were loaded with 
fruit, but careful examination, made Aug. 19th, discovered not 


’ Kept, of a mootiii}' of tho West. X. T. HoH. Soe., liekl in Rochester, 1879, 
Jan, *2'2, '23, 20. It appears that the same discovery \v.as alsc made at this time 
in Iowa. According to liuval Life of May 30, 1S95, 13. London purple was 
used ill 1S73 to destroy cauker-worms, and tins is said to have saved the crop 
from the cixlliii-moth ; "lion. Joliii M. Dixon, of Oskaloosa, was then [ISTT] 
tnistee of the Iowa Agricultural Oolleye. He watched our work and concluded 
he would try spraying on his hi;? orchard to destroy the canker-worm. In doing 
this lie made a great discovery. The spraying was timely for destroying the 
eodlin-iiioth. He marketed, in ISIS, carloads of apples in Minneapolis entirely 
IVee from worms or wormholes. Mr. Dixon and the writer [Professor Budd] told 
of tlicse results in the horticultural reports and the press, yet so far as we know 
others have been given the credit for this pioneer work.” 

* Kept. Midi. Pom. Soc, 1880, 26. 
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a single injured apple. Other apple trees, only a few rods dis* 
taut, which wei-e not treated with the poisonous li<]uid, are 
bearing fruit, one-fourth to oiie-half of which is ‘ wormy/ 
This is probably the first experiment made by an entomologist 
for the control of the codliii-moth by the use of an arsenical 
compound. Still, scientists were slow to recommend the use 
of the poison. The year following, Cook said : “I have been 
very successful in the use of Paris green, and others have, and 
for myself I would not hesitate to use it, but some of our best 
entomologists consider there is great danger in the use of this 
poison, and I prefer not to be put oji record as recom inending 
it for others' use. I used the poison on my own trees, and shall 
not hesitate to do so agrjin.” V.modward at the same time 
said that the remedy was regularly used iu western New York, 
where ‘Hwo men will spray one hundred trees in half a day, 
. . . and I have yet to learn of a single instance where any one 
has been injured by the use of the poison.” 

Notices of this work appeared in most of tlie leading agri- 
cultural papers. Vet comparatively little was lieard of the use 
of Paris green for tlie destruction of the codlin-nioth during 
the next few years. Orchardists seemed to hesitate in apply- 
ing the poison for this insect, although it was quite freely used 
for the canker-worm, lint very few of the most progressive 
men adopted the method, witli apparently satisfactory results. 
After the establishment of the expei-ime-nt stations, in fulfill- 
ment of the requirements of the Ilatcii hill of 18S7, a new 
impetus was given to the adoption of the arsenites. As differ- 
ent experimenters publislied the results of tlieir work, tlie value 
of the practice became more generally known, and gradually an 
ever-increasing number of growers accepted the assistance of 
the arsenites in the pi'oduction of perfect fruit. 

For several years after the discovery of the successful treat- 
ment of the canker-worm, recommendations regarding the 
destruction of other foliage-eating insects were more freely 
made than adopted. In the report of the Ihiited States Depart- 
ment of Agriculture for 1878, C. V. Kiley recommended the 
use of Paris green for the de.struction of the following in.sects : 
Chapin’s apple-leaf sewer, the thick-thighed walking stick, the 
imported elm-leaf beetle, the juniper web-worm, and the apple 

I Ript, Mich. Pom. Soc. JSW), m. * m<l. IW. 
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coleophora. The first regular experiment station to publish 
results ot the use of Paris green for controlling the codlin-moth 
was the New York State station;^ Goff had used it the pre- 
ceding year also with apparently good results against the 
squash vine borer.^ It was in this and the following decade 
that Paris green and London purple established themselves 
firmly as the most valuable agents for the destruction of chew- 
ing insects. 

London purple was early in the field as a rival of Paris green. 
It is cheaper than the latter, contains large amounts of arsenic, 
and can be more easily applied. But its composition is not so 
uniform, and it is niorc apt to injure foliage, so that on the 
whole Paris green has been prefeiied. London puiple was 
manufactured in England, and 1 have been fortunate in learn- 
ing of the manner in which the poison was introduced into 
this country. Dr. C. E. Bessey, of Lincoln, Neh., was the first 
to use it for the destruction of the potato beetle, as a substitute 
for Paris green, and his work and that of Professor Bndd of 
Arnes, Iowa, first attracted public attention to the new insecti- 
cide. Tlte name “ l.cmloii purple” was suggested by Dr. 
Bessey in 1878, and he has been so closely connected with the 
introduction of the poison that a letter received from him 
niuler date of Feb. 20, 1805, is here published in full: 

In ray file of letters I find that on Sept. 7,^ 1877, the Lon- 
don firm of Hemingway & Co., of 60 Mark Lane, wrote me 
their first letter enclosing a small packet of London purple (not 
so named then) and asking me to make a trial of it, offering to 
send one or two casks of the malerial free of cost, ily reply 
was returned soon enough, so that on Dec. 18, 1877, they 
wrote again as follows: ‘In conformity with your favor of the 
22d October we have done ourselves the pleasure of for- 
warding to your address per steamer HoUnml to New York, 
thence by express of IMessrs. Baldwin Bros, of that city, three 
kegs of the substance for poisoning the Colorado beetle, and 
shall be nmcli obliged by your sending ns as early a report as 
yon can of the results of the trial experiments you may make 
with it.* 


* Goff, Ann. Itepf. X. Y. Stale Affrk. Krp. Sia. 1886, 246. 
ilbid. 1SS4,81S. 
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“The bill of lading shows that the kegs loft ISTew York City 
on Feb. :2, 1878, but it ^yas near the end of the month when 
they reached me at Ames, Iowa. 

“My next letter from Hemingway & Co, bears date of March 
19, 1878, asking as to the arrival of the kegs. Tlic next 
letter from the linn I have tempoi'arily mislaid, but on July 
26, 1878, it wrote as follows: ‘We have to tljank you for 
your favor of the 4th iiist. and are of course pleased to find tliat 
our expectations arc correct a.s to the poisonous nature of the 
“ London purple ” to the potato beetle. Y'e anxiously await 
the result of the further ex])erimeuts promised in yours, and 
shall in the meantime have prepared some few tons of tlie 
material ready to be sent over.’ 

“On A’ov- 28, 1878, it wrote as follows: ‘We are exceedingly 
obliged for your favor of t)je 9th iiist, and tlie Mos. 6 and 4 
of your college gazette ^ (wliich came l>y same mail) containing 
yoiirs and Professor Jhidd’s kind iiotico of our new poison 
([.ondon purple). Since hist we ha<l this pleasure, we have 
been in correspondence with ^lessrs. Yhird & Co., to wliom we 
intend sending our first consigiimciit, and which we intend 
shall leave her^ immediately,’ 

“My lettei', in wdiicli I suggested tlje name ‘ London purple,’ 


I “A (UfRAP AND VAM'AUCE UdISOS' K(IR TrrF, Pt.TAlO UpETI.r.. — L.A«it willtiT 
tho Colloire n-ccivvil, for trinl. .1 rjuantltv of a iiiiitorial called by the iiirtniitjicturcr^, 
‘ [.(indoii puridc,' and dfstirnfil tn be used tin' killiti;; tlic jii>tato beetle 

(the [xitato biijrs <d' (‘oi union [.ailancc). rjnm trial it \va< fmitid to bo valiiabio, 
killing tlic old as well a.s IIh' yoiiiu: insects wit li !:i'<-at <'crtainty. The virtue of Lon- 
don [lUi'iilc lies ill the arsenic wliieh it ei>iilaitis, just us in tln' case t,f Paris jrreeii. 
There arc, however, several advantiiires jxtssessed liy the lu-w |»oison over the old, 
.anion? which are. tirst. Us cKlreine liiieiii'ss, tienjiittiiii: it to be mixed witli wat<‘r; 
second, its adhcMveness ; when once ap]>lied it adheres tenaejonsly to the leaves,— 
this is due, nodoiitit, to its ritiely tlivideil eonditioii ; third, its iPiirjde color enables 
one always to detect its ijreseiiee on h'aves, ev en wlien it exists in but very small 
quantities; this will not i»nly ?ii;,rd aoaiii*t aeriilenfs, but at the same time be of 
cousiilei-able aecount in etiabliu? mn' to always know w'ben it is iieressai'v to make 
another aiiplication ; foiirtb. its cIk ii|iuess as eompared with Paris ?reeji : it will be 
impossible tti sayjiist what the cost [ter poiiiiil will l,e. until a eoiisitierable ijuantity 
has been bromtbt into rmr markets : it will, however, In all probability (ml be inoie 
than one-fonrth Dial c|iari.n'd tbr Paris q'l,,, b„||,|„j| maaiitaetiirers are rioW 

rnakin? arran^emeats lOr pultin? into the market a sutlieieiit quautily for use upon 
the ero{i of beetles in IsTK, They propose to rlesjonalc some tirm in Pes Moines lo 
take eh,iri,o; of the matter of Iriti'oducin? it. When it becomes available it will be 
Avell for our ]mt(ito irrowers lo uivo Loruloti jairpli' flieatfention it rleserves.'* -The, 
C^lUye i^uarterhj, Iowa Ai'i-ic. Colle?e. Ame.s, iowa, Vol. i, No. iii. Sept 
1876 , 49 , 
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was in answer to theirn of Marcli 19^ 1878, so it was written 
sometime early in April.” 

In another letter, Dr. Bessey has inforiaed me that during a 
visit which one of the Hemingway firm paid him in Iowa, the 
statement was made that the three kegs sent to Iowa >Yere the 
first sent to America ; and the first small packet sent in a letter 
was one of three which were mailed at the same time, the other 
two packets being addressed to two gentlemen in the United 
States. One of these was Professor A. J. Cook, then of Lans- 
ing, !Mich. The name of the other was forgotten, for no reply 
had been received from him. Professor CooVs ans\Yer had 
been delayed or had proved unsatisfactory, for all the kegs of 
the first shipment went to Iowa, as above stated. 

The United States Department of Agricultnre has also been 
active in bringing l.ondon purple to the attention of horticul- 
turists. In the annual report of the Department for 1878, page 
141, is given a chemical analysis of the poison, and its use 
is suggested as a substitute for Paris green. The first direct 
recommendation that is found in the government reports to 
this effect was made by Hiley on |.)age 1248 of tlie same publi- 
cation. lie advised the destruction of the juniper web-worm 
by treating the parts infested with either Paris green or London 
purple. The same was also made to apply to the apple coleo- 
phora. EAperiiiieiits to test the A'aliie of London purple were 
carried on this year by Riley, and the work was so successful 
that large (pnintities of the poison were distributed to various 
cotton growers in Georgia, Alabama, and Texas, where it was 
to be used in the destruction of the cotton worm, in 1879. The 
result of these tests was so satisfactory that London purple 
was even more strongly recommended than Paris green. When 
applied in a dry state, the proportions which appeared most 
promising to Dr. Riley were oiie-lialf pound of the poison to 
eigliteen of tlie diluent. When used with water, one-half pound 
of the powder could be used to advantage in about fifty gal- 
lons of water. During the spring of the same year, 1879, A. R. 
Whitney, of Franklin Grove 111., “found it to be a perfect an- 
tidote to the canker-worms.^ ...” 

During this year, Trelease conducted some experiments for 
J. 11. Comstock, who at the time was chief of tlie Division of 


1 Kiley, U, S. Jint. Conu ISSO, bull. 3, 60, 61. 
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Entomology, in which London purple was used in comparison 
with several other suhstancesd fn this test Paris green proved 
the most satisfactory, then arsenions oside, while London pur- 
pie stood third on the list. The principal objection to the last 
two materials ^Yas that tliey scorched ti }0 foliage of the col, ton 
plants to which they were applied. The conchusioir was also 
reached that it is more economical to apply the jiowders when 
mixed with w’ater than in the powder form, only aljout one>half 
as much poison being recpiii'ed by tlie former method. 

The value of London purple as an insecticide was recognized 
with surpri.sing rapidity. Tlie experiments of Comstock and of 
Kiley were wddelv copied, and although there were some seri- 
ous objections to the use of tijis arsenite, its cheapness and the 
ease with which it could be applied were greatly in iis favor. 
Cook used it successfully in 1879 against the codlin-moth, and 
with such recommendations it soon won public favor. The 
principal objection to its use was the danger of scorching the 
foliage of tlie plant.s, and tliis probably is the main rea.soii why 
it did not entirely supersede Paris green. It i.s also less uni- 
form in its composition, wliich renders it of uncertain value. 
Yet it was only about three yeans after its introduction that 
the value of London purple was generally considered to be 
nearly equal to tliat of Paris green, and it is so considered 
to-day. 


Sprafng for the Cnrculio. 

Xo subject connected with the spraying of plants, with per- 
haps the exception of the best methods of making the kero.sene 
emulsion, has been tlje subject of .siicli heated controversy as 
the spraying of stone fruits witti arsenile.s to protect them 
from the curcnlio. Tlie value of the operation seems to have 
been first noted by C. M. Smith, of Ilerliii, Wis. In 1870 
Riley wrote an article on this practice in Yvhich he held it 
up to ridicule,^ and the subject was again mentioned by tlie 
same writer in an article wliich states that Sniitli recommended 
it “to the Saint Joseph (.Michigan) Horticultural Society, and 
from that time on [the poison] lias been occasionally suggested 

^Ann. Kept U. S. Com. of A 1ST9, m. 

* Third Hepl, State Sniomologist of Jfineouri, 18. 
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in the newspapers/'^ The use of the remedy by J. Luther 
Bowers, of Uei'iidon, Va., in 1880, and by William Creed, of 
Rochester, N.Y., in 1^81, is also mentioned. In this report 
the statement is made, on page 70, that “ Riley, in an address 
delivered before the Mississippi Valley Horticultural Society, 
iu the early spring of 1885, at 'N'ew Orleans, in giving Ins 
experience as to the feeding habits of the beetle, urged experi- 
mentation with the arsenicals in this direction as promising 
fair results,” but 1 have been unable to find such an expression 
in the record of the above meeting. In 1885, Forbes, of 
Illinois, applied Paris green for the control of the codlin-moth, 
and at the same time noted the severity of injuries caused by 
the enreulio upon the apples. These experiments are reported 
by Howard,^ and in one of the conclusions he says : “ Treat- 
ment with Paris green had saved something more than two- 
thirds of the apples which w'oiild otherwise have been damaged 
by the codlin-moth, and something more than one-half of 
those which would have been sacrificed to the curculio.” 

In 1887 the arsenites appear to have been tested for the first 
time in the destruction of the plum curculio by an investigator 
of recognized ability. Cook made some experiments which did 
not, however, form a very firm basis for the drawing of con- 
clusions. Four plum trees were thoroughly sprayed with Paris 
green on IHay 18, the poison being used at the rate of one 
tablespoonful to six gallons of water. TTn fortunately no trees 
of any of the varieties sprayed appear to have been left for 
comparison, and the fruit of different trees was injured by the 
insect to a very unecpial extent. The two Wild Goose trees 
dropped all their fruit. A yellow variety was loaded with fruit 
of which only 15 per cent was affected while the fourth tree, 
a purple variety, “had not less than 75 per cent of its fruit 
badly stuiig.” ^ 

During the same year, W. B. A 1 wood carried on some limited 
experiments at the Ohio experiment station for the destruction 
of the plum curculio, using a Paris green spray. His conclusion 
was: “ I am confident the curcnlios eat enough to make it pos- 

1 Ann. Rept. T. S, Co7n. of Agrk. ISSS, 69. > IMd. 166T, 105. 

’ Hepi. Mich, Bd. Agric. ISST, 40. See also Ibid. 18S6, 141, where the same 
■writer expresses little hopes for the success of the arseuites in the destruction of 
the plum curculio ; and launders in Rept. Fruit Groicers' Ass'n of Ont. 1SS7, 58. 
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sible to poison some of them, but the benefit to he derived from 
such is as yet unsettled.”* 

In 188S Weed made the first report of an experiment planned 
upon a large scale, in Nvliich the method could be apparently 
well tested. London purple, used at the rate of one-half pound 
to fifty gallons of water, was applied to seventy-five Early. Rich- 
mond cherry trees. Three applications were made. As a re- 
sult, “it was found that 14.5 per cent of the unsprayed fruit 
gave evidence of cnrcnlio attack, while 3.5 per cetit of the 
sprayed fruit was injured. There was consequently a percen- 
tage of benefit of 75.8.” Tlie same year similar experiments 
w'ere made upon plums and pears, but, as stated in the record 
(Seventh Ann. Rept. Ohio Apric. Exp. Sia. 134-1.50), the oppor- 
tunities for a satisfactory tost were not .so good as with the 
cherrie.s, so that although the fruit was saved, less stress was 
laid upon the result.® 

Pi-ofes.sor Herbert Osborn, of Iowa, also tried to solve the 
problem during thi.s year. Tliere Avas a trifling difference he* 
tween the sprayed and unsjtrayed plots in favor of the former, 
but it seems that two .species of insects were at work, .so that ]io 
definite conclusions can be drawn regarding tlie value of the 
treatment against the plum curciilio aloneA 

The experiments made by Profp.ssor Cook during 188S were 
somewhat more extended tiian those of preceding years, V)ut 
still rather limited. The trees, cherrie.s and plums, were 
sprayed three times, Juno 6, 12, and 20, and the results obtained 
appeared to warrant the following conchisions : ‘‘From these 
experiments, and tliose of former years, I conclude that while 
one application will not save our plums and cherries, and pre- 
vent apples from being stung, two or three applications may be 
of signal advantage.® 

In 1889, Cook repeated his former expei'iments. At the 
close of the work his opinion wa.s decidedly against the appli- 
cation of arsenites. He .says: “All the tree.s -were severely 
attacked and all the plums were lost The arsenites will 

’ Jnji. Jfe/it r. S. Com. of A(jrk. isss, td. Tfiis is tbe first piJblish<*<t .state 
ment of his work. 

* Ohio Agrk. Wrp. Sin. Hull. 4, .'econfi series, 30. 

* Weed. Amnimn h'aturalixi^ I 5 OI, 4;u). 70. 

* Ann. lUpt. U. S. Com. of Ayr k. ISSS, 72-75. 

8 Mich. Agric. Btp. Sta. Bull. 39, 9. 
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protect against the plum curculio if they can be kept on the 
tree or fruit. But in case of frequent rains, the jarring method 
■will not only be cheaper but much more effective.” ^ 

Professor C. P. (lillette ex^jeriinented this year apparently in 
the same orchard formerly used by Osborn. Although the cur- 
culio did but little injury, still “the indicated saving of fruit 
that would have been injured in the absence of treatment wa.s 
44 per cent.’’^ ]n a repoi't of the work, attention was called 
to the fact that reliable results cannot be obtained unless solid 
blocks of trees are treated. 

The work done by Weed is by far the most valuable and 
convincing of the year. A condensed account of his operations 
during 1889 as well as 1S90 is as follows : ^ 

“ Tn 1889 the cherry experiment was duplicated, the parts of 
the orchard being reversed to eliminate any possible effect upon 
the results that might be due to the situation. In 1888 the 
west half was sprayed, and the east half left as a clieck ; in 1889 
the east half was sprayed, and the west left as a check. London 
purple was applied three times, in the proportion of one pound 
to 100 gallons of water, At time of ripening, 1000 cherries 
■were picke<l from each of twenty-four trees in each half of the 
orchard — a total of 48,000 cherries — and examined for cur- 
culio injuries. "I'Iib percentage of injury on the untreated trees 
was 0.17, while on the treated trees it was 1.5. This gives a 
percentage of benefit of 75.0, — just .2 per cent less than in 
1888. Plums sprayed with a combination of London purple 
and the Hordeaux mixture matured a full crop, while unsprayed 
trees a few rods distant lost all their fruit. The record of this 
years’ work will be found in the bulletin of the Ohio agricul- 
tural experiment station for September, 1889 (Vml. ii. 133-143). 

“ While these experiments were made as complete and satis- 
factory as circumstances would permit, and every essential de- 
tail was inserted in the records, they were open to three objec- 
tions, namely : First, that while the remedy might work in a 
region like central Ohio, where fruit-growing forms only a 
small proportion of the agricultural interests of the inhabitants, 

^ Proc. Tfiifh .Veftinfi Aaric. Science, 1SS9, 2S. Cited by Weed 

in AweriouH, Kdtiii-dlht, 1S'.U. .hn, tU. 

’ Pnci Agvic. E,rp, 1S90, Mny, Bull. 0, SsG. 

® AmeHcan ifutwiilint., Jau, TO-73. 
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and where tlie curculio, though ahundant, is not so overwhelm- 
ingly present as iu a region almost excUisively devoted to fruit 
production, it might be impracti cable in tlie latter region; sec- 
ond, that the plmn orchard was not siUticicntly large to make a 
test under the conditions of tlie commercial orchardist; and third, 
that the cherries upon wiiicli some of these experiments were 
conducted ripxiiied before the season of egg deposition of tlie 
curculio was over. The force of these objections \Yas fully 
appreciated while tlie expieriinents were in progi-ess, but the 
work was done in the belief that results of value could be so 
obtained, and with the expectation of giving the method a 
tljorough trial, from tlie standpoint of tlie commercial orchard- 
ist, if the preliminary tests were sntheiently encouraging- 

“The present season [181)0] a pdum orchard of 000 bearing 
trees in Ottawa County, Oliio, right in the heart of a great Xruib 
growing region, was selected for tlie experiment. In the north 
half of it the method of catching the curciilios by jarring on a 
sort of inverted umbrella mounted on wlieids was empdoyed, while 
the soutli half was sprayed four times with pure Paris green 
mixed with water, in tlie proportion of -1 ounces to .oO gallons. 

“ The first application uas made May 8, ju.st after the blos- 
soms had fallen from tlie late-hlooniing varieties. There wa.s a 
heavy rain the same night, and it rained almost continuously 
until May 15, wlicn there was a .short cessation. Tlie second 
spraying was done on that da}", d'he third .spriiyiiig was made 
May 2G, and the fourth and last, June 2. 

“On the jiirred porlioii of (heoreliai’d a great many curculios 
were caught, .showing tliat they nere present in n umbers. A 
careful examination of both p^arts of the orchard was made on 
June J. Between one and two per cent of the fruit on tlie 
sprayed trees had been stung, while about tliree p>er cent of 
plums on the javred trees were injured. Xo damage, to the 
the trees was tlien perceptible. 

“Early in July the orchard was again examined. Some of 
the sprayed trees showed that tlie foliage had been damaged liy 
the spraying, hut the injury was not very serious. Xotox'or three 
per cent of .sprayed fruit was stung at tliat time, while about 
four per cent of that on tlie jarred trees were injured. But on 
both the fruit wa,s so thick that artificial thinning wa.s neces- 
sary to prevent overbearing. 
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“ A large crop of fruit was ripened on both parts of the or- 
chard, and so far as could be judged from one field experiment, 
it showed that, spraying is as effective as jarring." i 

The above experiments are the most exhaustive yet made, 
and they seem to indicate that spraying for curculio is prac- 
ticable on a commercial scale, They are all founded upon 
the fact that the curculio does eat, a question which has been 
decided in the affirmative by several entomologists of undoubted 
authority. But it still remains to be determined how ex- 
tensively the beetles feed before the eggs are laid, and if the 
character of the season may not to a certain extent modify 
the results obtained by the use of the arsenites. In New York the 
practice is not regarded as being so efficient as spraying against 
the codlin-inoth is, and the older method of jarring the trees 
is still considered to be the safest. S. D. AYillard of Geneva, 
N.Y., who grows many plums and is in a position to be w'ell 
informed regarding the practices follo^vcd, writes me that “the 
majority of plum grow^ers in this State arc jarring their trees 
instead of using any of the arsenical preparations to prevent 
the working of the curculio.” He uses the jarring method 
entirely, in his orchards, and in the spring of 1895 apparently 
saved his crop by jarring tim trees twice a day, when spraying 
with arsenites utterly failed. 

Professor W. J. Green, of the Ohio experiment station, has 
been so kind as to inform me in regard to the attitude of 
the plum growers of that State towards the use of arsenical 
sprays: “ T must say that opinions are divided on the subject. 
The majority of tliose who have tried the ’method [spraying 
with arsenites] on plum trees which were surrounded with other 
kinds of fruit trees have failed, either wholly or partially. This 
might be expected. . . . On the other hand, those who have 
sprayed orchards, leaving no trees, and doing the work 
thoroughly, have generally been successful in saving the crops. 
William Miller, Gypsum, Ohio, and T\ S. Johnson, Port 
Clinton, Ohio, will corroborate this, and I can name others 
near them who have practiced the method several seasons, and 
expect to continue. In my experience the curculio is more easily 
controlled with the arsenites than tlie apple worm, but only in 

’ This experiment la recorded In Ohio Agno.' Evp. Sta. Bull. 8, 'Vol. ill. Sept. 
1890 , 22 &- 228 . 



74 The Spraying of Plants. 

orchards ivhere all the trees are sprayed. In practice we use 
Paris green with Boi'deaux niixtiire to prevent injury to tlie 
foliage. We must use the latter to keep the leaves from ilrojv 
ping prematurely. Some, jar the trees occasionally in addition to 
spraying, in order to gather and burn all of tlie plums' winch 
are stung. If it were not for the Bordeaux mixture I think 
that only few would spray for tlie curcnlio, but as it is I think 
that the majority of orcliardists prefer spraying to jarrijigl ” 

The question is evidently not yet fully settled, but apparently 
much seems to depend upon tlie locality, and the time and 
thoroughness with which the applications are inade.^ 

Other Arsenites than Paris Orem and London Purple. 

Paris purple, anotlier arsenical poison, has been on the 
market to a limited extent since KSSi^or hSS.h A. Poirrier, 
president of the St. Denis Dvestutf and Cl le mica I Co. of P;u’is, 
France, was the introducer of this material. The Xew York 
agent.s of the firm. Sykes ilc Street, 8.0 Water Street, write me that 
it is the refii.sc obtained from the manufacture of magenta, or 
violet, or botli. Tlie Ikiris firm has apparently given up the 
manufacture of the product, and the stock in this country i.s now 
verv limited. It is used in the same way as London purple, 
lime being added to prevent injury to foliage, but larger 
amounts of it appear to be reijuired to give satisfactory I’e.sulfs. 

Engli.sh purple poison, as I am informed by tfie introducer, 
Henry S. Ziegler, 400 X. dd Street, Pliilaiiel]')hia, Pa., has 
been upon the market only a few year.s, He states that “the 
name is original witli me, and the composition con.sists of arse- 
nious acid with an aniline base.” It .seems, thenifore, that the 
last three poison.s mentioned, London purple, Paris purple, and 
Engli.sh purple poison, are deiived from the same .source, 
although there are undoubtedly certain viii'iations iu tlieir 
texture and composition. (For analy.ses .see page 12 d.) Con- 
siderable quantities of soluble arsenic are jnvsent in English 
purple poison, so it .should he used with lime to prevent injury 

* 5ludi information on tiii% snbjoot may bo fonml in llio followim; [tliu't'.si 
Ohio Agric. Eyp. Hht. Vol. iii. secontt .series, ISIH), Bnll, S; IhUl. Vnl. iv. Mrum! 
series, Bnll. 2; Minn. Agric. E<fp. Sto, I§90, Bull, 10, 71; Texm Agric. 

Sia. l&94i Bull. 32, 494 ; Bailey, AnnaU I/ort. 1SS9, <W. 
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to foliage. The insecticidal action of the poison is not so 
energetic as that of Paris green, but if used more freely the 
insects will succumb. As yet Knglish purple poison is little 
used. 

White arsenic has long been hnown as an effectual destroyer 
of insect life. lu 1848 George Gordon ^ said that small brown 
ants are easily destroyed by mixing with one pound of loaf 
sugar a small portion of arsenic. Grind very fine and put the 
mixture on bits of white cards near the places they frequent. Tt 
is dilficult to say how generally this advice was followed, but that 
tlie poison \va8 fretpieiitly tried for a similar purpose appears 
very probable. Its very energetic poisonous qualities when it was 
taken internally were well known, and these must naturally have 
occurred to the minds of persons desirous of destroying insect 
as well as animal life. Xevertheless, white arsenic was rarely 
recommended as being a suitable poison to apply to the foliage 
of plants, for its action is so caustic that the leaves are exposed 
to nearly as great injury froiri the remedy as from the insect to 
be overconu?. Tt was used upon potato foliage for the destruc- 
tion of the beetle, but with unsatisfactory results, Paris green 
at the same time proving so much superior that the 'white 
arsenic was abandoned.*-^ But an account of the successful use 
of the poison against the canker-worm appeared in 1871.^ John 
Smith, of l)es Moines, Towa, writing to the We.iiterJi Pomologist, 
says that in 1868 he used arsenic, hellebore, and strychnine 
against the canker-worm. lie ap[>lied them separately to dif- 
ferent apple trees, using them as follows : 

Amenic one-half iiouiid dissolved in fifty gallons of water, and 
applied to ten large trees. 

Hellebore two pounds mixed in four gallons of water, and 
applied as above in fifty gallons of water. 

Strychnine one bottle, with an amount of water equal to that 
used will I the other materials, and similarly applied. 

In two <lays tlie worms on the part treated "with the arsenic 
were all dead, and tlie application of hellebore 'was also followed 
by good results. Strychnine apparently possessed little value for 

^ Jflitr. Loudon Ifort. Soc. 1S+S, Yol iv, 1<). 

* SauriUtTs anil Keod, ('aihtdiun Euhnwlodiaf, ISTl, July, 41. 

* Smith, Pouiohyi^i, Yol, ii, ISTl, May, 125. See, also, The Sm<iU 

fruit Recorder, 18T1, July 1, 108. 
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this purpose. In spite of this favorable report the poison was 
not in deinaud, because of its caustic properties- 

After the Paris green and Londo]i purple had become well 
known they were both considered safer insecticuiea tiian white 
arsenic, and the first was acknowledged to be Ibe l.»est of the 
three. Itiley, liowever, did not entirely accept this o]nnion, but 
thought that Loudon purple is not more injurious U])on cotton 
foliage than Paris green is,^ Cook was tlie first to make a care- 
ful study of this point.^ He made applications to the foliage 
of plum, cherry, apple, ])ear, peach, willow, elm, and maple tree.s, 
to determine the compai'ative degree in whicli the three arsen- 
ites mentioned above are injurious. JILs first conclusion is as 
follows: “London purple is more injui'ious to the foliage than 
is Paris green; and white arsenic — arsenious acid — i.s more 
harmful than is either LondoJi purple or l^aris green.” I..ater 
experiments have continued this result, and tiie truth of its 
general application is accepted. 

Tlie milk of lijiie was first used in couiieclion u itli tlie ansen^ 
ites to overcome tlieir caustic properties, by (lillette, in the fall 
of PS80.^ Tfie results were so eiicoiii'aging tliat extensive ex- 
periments were carried ou the following yeai', ami many valu- 
able coneliisioiis wei'e reached in conseipiein*e of the careful and 
extended ol'servatioiis made dui-ing tliat season, it was plainly 
shown that “ lime added to London purple or Paris green in 
water greatly lessens the Injury tiiat tlies(! poisons would other- 
wise <lo to the foliage.”^ Anotlier interesting "result obtained 
in these experiments was that lime a<l(leil to a mixture of 
white arsenic in water will greatly increase tlie injury that this 
poison would otlierv ise do to foliage. If the arsenic is all in 
solution, the lime will then l(>ssen the injury, as in the case of 
London pur[)le and ihiris green.” 

The next step in this series of advancements was taken V^y 
Kilgore.'® During 18fh) his investigations were made in lines 
almost identical witli those followed by Gillette, and many of 
the latter's conclusions were verified. In addition to these, 


iKiley, V. S. Km. Com. hSO, ]5ull, S. fl‘2. 

* }iU:h. A^riv, Kfp. Sfa. NsO, Uiill. 

» loua A<jr!i-. Shi l^W, Ati;:. mill. 1(1, 410. 

* Hid. 41(1, 4211, 

* JV, c. Aifi'ic. £j’p. S(a. 1S9!, July, JJulJ. 77b, T. 



White Arsenic, 


77 


he also gave directiotis for the manufacture of an insecticide, 
in wltich white arsenic entered as one of the principal ingredi- 
ents. It was made “by boiling together for oiie-half hour 
in two to five gallons of water 

White arseuii; 1 pound, 

Lime 2 pounds, 

and dilute to required volume, say one hundred gallons. ... It 
ia desirable that the lime should be present in the boiling solu- 
tion of white arsenic, since it renders the latter insoluble as fast 
as it goes into solution, thus reducing tlie volume of water and 
shortening tlie time for obtaining the arsenite.” 

Two other compounds of arsenic have been used for the de- 
struction of insects, the first trial being made upon the Gipsy 
moth, in Massachusetts.^ One of these, the arsenate of soda, 
“ has been recomjiiended by various ];)arl.ies as an insecticide,” 
but the results of the experiments show that it injures foliage 
before au efficient (quantity for the destruction of the cater- 
pillars can be applied. The other, however, the arsenate of leadj 
is promising. It was proposed as an insecticide in 189*2, by 
F. C. IMonlton, a chemist in the employ of the Gip.sy Moth 
Commission. It was first tested against tent caterpillars in 
1898, with tlie following results : ^ “ d'lie smaner proportions, 
as I pound or less to lot) gallons of water, do not kill the cater- 
pillars \_Clisioannp<i Americaiia'] as ([iiickly as is desirable, . . . 
The larger pro} )ort ions seem unnecessary and would, of course, 
be rather ex})ensive for general field work, but some such pro- 
portions as 1, 1^, or 2 jioinuls to l.oO gallons of water would 
prove entirely satisfactory so far as we can judge from these 
experiments.” IVlien nse<l a.s strong as 24 poiiiids in 150 gal- 
lons of water, no injury to apple foliage resulted, which is 
indeed remarkable when tlje small amount necessary to destroy 
the insects is considered. 

Caustic ami Xon-2)oiso}ious Insecticides. 

Having tiins traced the introduction of the various compounds 
of arsenic, and I heir gi’adual adoption by agricidturlsts for the 
destruction of elm wing insects, tliere still remains the consider* 

* i'ernaM, ^fu8s, I/aicU Ai/rk. Exp. Sta. 1SD4, Bull, 24. * Ibid, 5. 
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ation of iiisecticides whicli destroy the organism, not by enter- 
ing its body with the food, but by penetrating the outer cover- 
ings directly, and causing the death ol! tlie insect only after the 
material has come in contact witli some vital part. Tltere are 
several materials which possess tlds power, and some of tliem 
have long been in use. Strong alkalies, suclt as potash or soda, 
were among tiie first substances employed for tliis purpose. 
Tlie insectidal value of soap is largely due to alkalies Avbieli 
have commonly been ajiplied in tliis form. The intrijisic value 
of all soaps has caused tliem to be used as tlie foundation 
for many mixtuies. Quassia wood cojitains an alkaloid whicli 
is fatal to insect life, and decoctions of the “chips” have been 
recommended since the early part of this cimtury. ryrcthnmi, 
kerosene, and resin can also bo added to the list, altlioiigh 
their value has not been known, in all cases, so long as that 
of the materials mentioned above. 

IVrethruin first attracted the altentioii of Kuropean.s early in 
tills century.^ it had long heeii sold by tlie peo]>le living south 
of the Caucasus Mountains in southeastm'n Asia, the plant 
being a native of the district. An Armenian named flnintikotf 
learned that the powder was oldained from tin; flower heads of 
certain species of pyrethruin, and in ISlCH bis son began to 
manufacture tlie powder on a larger scale. It wtis exfiorted, 
and at present this industry brings large revenues into the 
countries in which it is carried on. Tlie sjiccies wliich funiishes 
the liest iiowdei' is Pijreth'um ro^eum (properly (ItrijsnDthemnni 
coccinemi)] it is not cultivated in Asia, but tin' flowers of the 
wild plants are gathei’cd. Tiie Dalmatian jiowder is produced 
from Pyrethrnm (or Chrunnutltexium) viitenirwfoliiim, a closely 
related species. About bSot), pyrelhrum powderwas iidroiliiced 
into France for the destruction of insi'cts in liouses. fn 
good seeds were obtained from the Caucasus, and these Jiaving 
been planted, a crop of Itoitie-gi'own seed w'as secured two 
years later. Plants of P)jrethnun msrnm were grown in 
America as an ornamental plant at least as early as 1S70 , 
but tlie Dalmatian form lias bemi grown for the purpose of 
producing the highly prizeil powder, d’hc first to engage in 

iSee r. .V. Pattnt nept A^,'ic, ISST, liJy ^ HM. ISOI, and Ann. 
lUpt U.S. Com. of Agria, I8sl-S'2| 7C. 
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this industry was G. K. hUlco, a native of Dalmatia, who 
successfully cultivated Pyreihrum clneniricefoUum near Stock- 
ton, Cal. Tlic powder which he made has been sold under 
the name “ iluhach.” It is in every respect apparently as 
good as the imported article, and is even superior to the latter in 
regard to strength. It Is probably the best form to use in this 
country. Idants ol' Imth si>ecies were grown in Washington, 
in 1881, with satisfactory results. In the spring of that 
year Riley distributed s(!eds of the two forms to growers in 
various parts of the country. In this way the plants have 
become fairly well known, and the use of the powder has rapidly 
increased. On account of the cost, it has been used principally 
ill dwellings and in greeiiliouses. It is mo.st frequently applied 
ill the dry form, but during the past few years it has given 
good results either wlieu mixed with water, or when the essen- 
tial oil lias been applied after being extracted by alcohol; an 
infiLsion of the entire flowers is also effective. 

It is difficult to say when kerosene oil began to be valued 
for the destruction of insects. The oil was undoubtedly used 
before any records of its insecticidal value were published ; 
and one might siq)])o.se, from its nature, that it ^YOuld possess 
energetic properties uf this character, 'rurpentine mixed with 
eartli ami waler was sm/cessfiilly used to destroy worms on trees 
as early as 18d."),^ and it is but a step to pass from tins liquid to 
the use of kerosene. The latter was recommended for the de- 
slruction of scale on orange trees in 1865,^ and was also 
successfidly applied to oleander, sago-palm, acacia, and lemon 
trees. Tlie oil was poured into a saucer and applied by means 
of a feather. In June of the following year, the Gardoier's 
Month! If leconi me tided this oil for destroying all insect life; but 
ill ail issue of the next month, tlie statement was modified by 
saying that the vegetal de oils were safer. ^ Many others proba- 
bly bad the same ex]ierience, for if not applied very carefully, 
much injury to the foliage may result. It lias been the practice, 
both ill Europe and 111 is country, to apply kerosene wdth a 
certain amount of water, having one part of oil to twenty-five 


* The ISS'i, lTf>, citos M. 1). Thosseln Silli man' a Journal. 

* Gardener'ii }ronfhi;/, ISO.'), Doc. 

* Ibid. 1S66, June, ITO, and July, 208, 
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of water, more or less. This was applied by means of a hand 
syringe, and a fairly uniform mixture was obtained by dashing 
the contents of the filled syringe back into tlie vessel liohling 
tije liquids. Rapid work was Hie price of a good mixture. Tliis 
practice i.s still followed to a certain extent in EngUind, but is 
rapidly giving way to more desirable methods. 

Soap, water, and kerosene can be so thoroughly mixed to- 
gether tliat a permanent emulsion will be formed. Although 
the product may be a comparatively new one, the idea which 
led to its manufacture is not so recent. As has already 
been said, soap and water formed the basis of many mixtures. 
Records can be found showing that nearly all insecticides, 
especially if they possess much value, liave at one time or an- 
other been used in connection with soapy solutions. It is sim- 
ply carrying out the idea that if a certain remedy ls effective, 
its value will be increased if another substance also possessing 
value be added to it. Thus we find tliat a correspondent of 
the Mon(hi]i lie had used .soap water andcrysylic 

acid together, first mixing them thoroughly ; and carbolic acid 
was applied in the .same manner.^ The insecticidal value of 
kerosene once being known, it was very natural that the oil and 
soap should 1)C used together. Tlie first record that I have 
found of sucli a mixture appeared in February, 1875.^ George 
Cruicksluuik, of ^Vhitiiisville, Mass., liere says that he Inid 
been fighting the currant worm .since 18(5(1, but at first with 
unsatisfactory result.'^. “ In May, 1870, I began u.sing kerosene 
witli whale-oil soap, iiierea.sing tlie kei’osene until it would kill 
the worm and not injure the foliage of the plant. I used o 
pounds of w]iale-<jil soap, and 1 wine (piart of kerosene to 
25 gallons of soft water to mix. .Stir the soap and kero- 
sene togetlier till thoroughly mixed; add two pails of hut 
water, stir till the soap is dissolved, then add the balance of 
cold w'ater and it is ready for use. Apply with a syringe with 
force, in bright .sun.shine. . . . Where the kerosene and soap 
was used, I had no worms after two years. In 1878 I had :i 
barrel of the liquid all mixed, ami ready for use by the irsual 
time the worm make.s hi.s appearance, but could find no worms 
to use it on,” In June of the same year a similar note ap- 

^ “ T. A." in (ruvdauf'H Monthly, 186S, Jaa. U. 

» Ibid. 1S75, Teb. 46. 
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peared ; ^ Nfiwark, Jf.J., made a mixture in which 

he used a little kerosene oil with strong soap-suds. He said 
that “ it readily coml dries and can be applied uniformly with 
a syringe.” 

Although it is not definitely stated in the two cases just 
mentioned that ennilsions were secnred, still there can scarcely 
be any doubt that at least a part of the oil was emulsified. 
Who then, is the originator of the, or a, kerosene emulsion V 
The answer is undoubtedly to be found in the unrecorded work 
of some unknown hut intelligent grower of plants. 

(i!ook W'as probably the first experinieuter to recommend the 
iLse of a mixture of kero.seue oil and soap water. He says : ^ “ I 
found it [kero.sene] would mix perinauently with soap solution 
in 1877 and 1878, and that it wmuld kill many insects if it 
touched them, and best of all would destroy haustellate insects 
like bugs, plant and scale lice. 1 first recommended this to the 
public in 1878.^ . . . The best substances for such use (killing 
haustellate [sucking] insects) are a ^Yeak solution of carbolic 
acid, a strong suds either of whale-oil or common soap, and 
tobacco water. I have found that the addition of a half tea- 
cupful of crude ]>etroleiim to tw’o gallons of either of the above 
makes them the more eft’ective. ... I mix one quart soft 
soap, or oiie-(]iuii'lei' of a pound of hard soap, ^Yith one or two 
quarts boiling water; as soon as the soap is all dissolved, I stir 
ill, wdiile all is yet hot, one pint of kerosene oil. TTiis is now 
vlolenlly stirred till it is pcrmaneiitlv mixed — that is, till 
upon standing the oil wdll not rise to the fop, but will remain 
iiicoiqKirated with (lie liquid. . . . AVhen we are ready to use 
this, stir in enough water to make fifteen i>ints in all — that is, 
one-fifteenth of the liipiid applied would be kerosene oil.” 
These formulas, using either the liard or the soft soap, have re- 
ceived the name of the originator, and they are still in common 
use. 

Riley published the following in the annual report of the 
Cominissioiier of Agriculture for the years 1881-82, 127 : 
“Emulsions with soap-suds and lye had been w'orked at some 

^ “T. A,” in Gftrdoner'^^ Movihlij, ISCS, Jnnp, 10ft. Seft, also, Country Gen- 
titman, 1ST0, July ft, citing from The AyricuUnriet, 

= Mick. Agric. E;tp. Sta. 1890, Mbi-cIi, Bull. 58, h. 

* See Rtpl. Mich. StaU Board o/Agric, 1878, 434. 
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years ago by Professor Taylor, tlie microscopist of the Depart 
ment, and more recently they have been made by several in 
dependent experimenters in Florida., but particularly by Mr 
Joseph Voyle,^ an intelligent correspondent at (Jainsville, win 
uses kerosene, soap, and fir-balsam combined at a high temj)er 
ature and produces a permanent paste which he calls ‘ inurvite, 
readily soluble in water, Kecent experiments made at our re 
quest by j\Ir. Clifford Richardson, assistant chemist of flu 
Deparbiieiit, with ordinary soap, whale-oil soap, and both ligh 
and heavy oils, also sliow tliat *20 jtarts liard soap, It) part; 
water, 40 parts kerosene, and 1 part balsam, produce tlie mos’ 
satisfactory results, , . . l\Ir. Hubbard’s experiments would in 
dicate, however, that for insecticide pur]ioses nothing equal: 
the milk emulsions wliich were first suggested l)y Professoi 
Barnard - during our work on tlie cotton worm at Selma, Ala. 
in 1880, ami though tlie. use of oi'diiiary eiuulsifving agent.s, a; 
various mucilaginous substances and t he jihosphates, lactophos 
phates, and hypophospluites of lime, may facilitate the makin>. 
of kerosene emulsions, we have not yet laid them sntfieient]_\ 
tested as insecticides, and for the present can recommend noth 
ing more simple and at the same time more available to Hit 
average farmer tlian the periiiaiient milk emulsion as product; 
by Mr. Hubbard/ 

During the season 1881-82, ^Ir. Huldiard was making ex[>er 
iments for the destruction of the scale insects affecting oratigt 
trees. He made the milk emulsion only, and of varviiii: 
strengths, d'he following is the formula recommended at !ht 
close of the season’s work ‘‘ Refined kerosene, 2 parts ; fresh, 
or preferably sour, cow’s milk, 1 ]iart (percentage of oil 
Wliere cow’s milk is not easily obtained, ... it may he. replaceil 
by an equivalent of condensed milk (Eagle brand) diluted with 
water in the propoi'tion 1 to 2. . . . In applications for .scab 
insects, the kerosene, butter should be diluted witli water from 
12-16 times,” 

Under date of Sept. 15, 1881, ^Ir. Hubbard writes to Ih*. 
Riley regarding the eon di Lion of the work on orange scale then 

* See U. S. Dfpf. of Ayru\ Dir. of E»1. Bull. 1, 19. 

* For further conceniiiik^ W. S, Harniinl's nf m ennilsion <il 

milk and ker(j;,eiio, see Tfte Ojficitil (Dizeite L'. S. Dideiit (iffice, Vol. W, Jfo. 12, 1919. 

* Ann. Rkpi. iJ. S. Com. of Afjnc.. ISsl-Si, 113, 114, 
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it\ progress at Crescent City, Fla.^ “Experiments with 
Neal’s mixture gave, upon the whole, rather disappointing 
results.” I have not learned what was the composition of thi.s 
mixture, but it may have been an emulsion of kerosene in soap 
water, for Dr. Neal did considerable work in this direction. On 
Oct 10, 1882, he wrote from Archer, Fla., to the chief of the 
Division of Entomology regarding these formulas, only two of 
which it is necessary to mention.^ These were also applied for 
the destruction of the cotton worm ; 

“1. Four pounds whale-oil soap w^ere dissolved in one gab 
Inn of water ■with heat; to this, kerosene was added gi-adually 
till it was found that one gallon kerosene made a good einub 
sion, capable of being diluted to one per cent without at once 
disintegrating. 

“2. Four pounds resin soap, common bar or yellow soap, 
were dissolved in one gallon water. One gallon kerosene grad- 
ually added, with constant agitation. The greater the per cent 
of resin in the soap, the better was the emulsion 1 found it 
made, which would indicate that such a soap for this purpose 
would no doubt be a valuable article in the market.” 

On Nov. 28, 1882, Hubbard wrote in detail concerning 
the use of kerosene, and also criticised Neal’s formulas. He 
sa,ys : ^ 

“Experiments made in Se]:)te,iiiber with kerosene ■v\' ashes on 
purple scale show that tlie eggs are much more difficult to kill 
than I had supposed. 'They have been killed by' 66 per cent 
kerosene and soap emulsions diluted 1 to 9. . . . I have care- 
fully gone over Dr. Neal’s report and have a few^ comments to 
add to my former comiuunicatiom 

“Dr. Neal says ‘the greater tiie percentage of resin in the 
soap the better the emulsion I found it made.’ This may be 
true of the emuUion, but when diluted, the resin, or a large part 
of it, separates from the liquid and forms a waxy scum on the 
surhice, which clogs the pump and nozzle, and is troublesome 
unless removed. . . . The strongest emulsion used by Dr. Neal 
contains ub per cent of oil and the strongest wash a dilution of 
1 to 9. Sly experimeiitvS with milk emulsion of this strength 
did not in the end prove satisfactory, and I long ago decided to 

> r. S. ofAffrk. .Dir. of Knf. 1SS3, Bull, 1, 10, 

* litid. 81 i Ibid.!', 
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increase the amount of oil in the emulsion. I now me 66 per cent 
emulsion diluted 1 to 0, and these, although sulficieutly stroma 
for long scale, are not sufficiently [leiietratiiig to kill the eggs of 
purple scale. . . . The following are my estimates for a stan- 
dard wash of \vhaliK)il soap and kerosene, emulsion 66 per cent 
oil, diluted to 1 to 0 (one gallon emulsion = 10 gallons wash): 
whale-oil soap, | pound ; water, 1 gallon ; kerosene, 1? gallons.” 

In the annual report of the Commissioner of Agriculture for 
1884 a formula i.s publislied wliicli contains twice as much 
soap as Hubbard’s original one,tlie otlier ingredients remaining 
the same. This ha.s become most eomtiionly known under the 
liame of the Kiley-llubbard formula for the kerosene emulsion, 
and is used to-day unchanged. It is prepai'ed as follows : 

“ Kerosene, :? gallons ; common soap, 4 pound ; water, 1 gallon. 

“Heat the mixture of .soap and water and add it boiling hot 
to the kerosene. Cliurii the mixture by means of a force pump 
and spray nozzle for five to ten minutes, dlie emulsion, if perfect, 
forms a cream, wliicli thickens on cooling, and adheres witliout 
oiliness to the surface of the glass. Dilute with cold water 
before using, to the extent wliicli experience will indicate is 
best.” 

The scale insects found upon tlic orange tree.s in California 
may be cited as furtlier examples showing tliat oh.staclcs can be 
overcome if only sufficient attention is directed towards them. 
These insects were a serious j>est on llie Cacitic coast, and they 
are not entirely under control cyen at tiie }nvseiit day, but their 
great numliers in former years aroused the fruit growers to ener- 
getic measures, ilany compouiirls were recommended for the 
treat iiieut of the pests. ’Die pi-eparations were generally in liquid 
form, and may be coiisidm-cd as riitlier elaluirate outgrowths of 
compounds whose value bad long been known. The following 
are good examples of these rcmedi(;s, wliose number was almost 
endless : ^ 

1. Forty-.six pounds whale-oil soap, 4 gallons coal oil, 1(10 
gallons water, 

2. T\yenty-fivo pounds brown soap, 6 pounds wood pota.sh, 4 
gallons coal oil, 1(J0 gallons water. 

1 KlhvoiKl Co^iKT, '* (.’iililoriiiii Kruit Culture, " n reixH’t of the fifth aiuiual con- 
veiiti'Jii of Califoruia fruit jjrowers. 
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3. Ten pounds whale-oil or other soft soap, ^ or 3 pounds 
sulphur, I gallon coal oil, 17 gallons water. 

It will be seen that soap or kerosene, or both, formed the 
basis of most of these waslu^s. They were not entirely satis- 
factory, for some reason still unexplained. In 1886, D. VV. 
Coquillett and Albert Koebelc, were appointed by the Depart- 
ment of Agriculture to investigaLe tlie trouble, for in the East 
such emulsions were used almost invariably with good results. 

In a review of their work, published in 18H7, Dr. Riley makes 
the following statements, which indicate well the character of 
tliese investigations ; ^ 

“ Among the different substances thoroughly experimented 
with were caustic potash, caustic soda, hard and soft soaps, 
tobacco soap, whale-oil soap, vinegar, Paris gTeen, resin soaps' 
and coiripoiuids, and so on. . . . .Mr. Koebelc’f? attention wasi 
however, directed mainly to the preparation of resinous soaps 
and compounds on account of their greater cheapness. He suc- 
ceeded in making a number of these mixtures, which, when 
properly diluted, need not cost more than one-half to one cent 
per gallon, and whici\ produce very satisfactory results, killing 
the insects or either penetrating or liardening\he egg masses 
so as to prevent the hatciiiug of tlie young. One of the roost 
satisfactory methods of nmking a resin soap is to dissolve 1 
pound of caustic soda in U gallons water to produce the lye; 
then dissolve 2 pounds resin and 1 pound tallow by moderate 
heat, stirring in gradually during tire cooking 1 quart of the 
lye, and then adding water until you have about 22 pints of 
a blown and thick soap' Hus will make l-t gallons of wash, 
costing less then one-half cent per gallon.’' 

vV few further suggestions were made regarding various 
combinations of the above mixture, and tbe addition of adhesive 
substances to the waslms was strongly advised. But the most 
important part of this address was tiie emphasis laid upon the 
value of the resiiiwashcs, for from thistljue on they were destined 
to extensive iise in the orange district of California. 


A<Wress by IVofessoT C. V. liilcy Ix-forp ths CWlifmniifi State Uoartl of Horticiil- 
<'at. Ani'il 12, IssT, as in the 

/ '‘b t'. 5. Dept. (,j Agric. Dir. 

ofKoei’s wort“ ^ 
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During 1887 Koebele tested the value of the addition of 
arsenic acid to kerosene emulsion. T]i his report to the Ento- 
mologist dated December, 1887, he says : i “ In the main I have 
followed your suggestion wliile here in April last, in preparing 
the kerosene emulsion, viz. to emulsify with resin compound, 
and use the arsenic acid in addition. T am glad that your 
hopes in thus wash are verified. In every instance wliere your 
proposed arsenic acid was added, eitlier to enuilsifiod kerosene 
or resin compound, there ha.s been a complete extermination 
of the scales.” Altliongh sucli w’aslies were here favorably 
reported upon, they have not come into general use. 

The next year another valuable contrii)ntion was made upon 
this subject, of which tlie following abstracts are the mo.st 
important : - 

“Caustic solutions have tlie disadvantage of luirting the 
tree, and are not especially adapted to penetrate into the egg- 
sac, wliich, on account of its peculiar texture, repels most 
liquids. 

“Various soap solutions, some containing km-osene and some 
whale-oil, have proved fair remedies, lint cannot in my opinion 
1)6 equaled by tlie resin solutions, of wliich we give tiiree 
formulas. The first wa.s tried liy l\[r. A. Koebele, the secoml 
by Mr. Alexander Craw, of Los Angeles; the third has been 
given me by Mr. L. D. (ireen of Sacraimmto. Erom personal 
experiments with tlieiu all 1 am wtdl satisfied with them 

“ Kecijie Xo. 1. Four pounds resin, d pounds sal-soda, watm* 
to make ot) pints. Dissolvi; the s:il-.soda in a fe\v jiints of water; 
when tlioroughly dissolve<l, add the resin, ileat until dissolved, 
and add water finally. Cse two quarts of solution to the gallon 
of water. Use at a temperature of about 10(F b. 

“Recipe Xo. 2 . Due pound caustic soda, 10 poumls resin, 
100 gallons water. Prepare as abov(\ 

“As, perhaps, owing to the nature of tlie caustic, the leave.s 
are sometimes lialile to lie alTected, I slionM recommend the 
spraying of the trei; with pin-e water lilxn'ally (tlie water will 
free the pores of the leaves) two or three day.s after the appli- 
cations of the resin .solutions. 

* .Inn. /Ifp. U. S. r'oiii. of .Uj )■(('• 1'"'", 14S-I IT, 

* KW, “.V Trfali>e <jn tijc Iiisi'cL lojurics to Fruit and Fruit Tnvii of the 
State of Culif'irriiu,” Out. I'i, 'JU. 
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“These solutions being cheap, they may be used liberally, 
and two or three treatments a year would, I think, keep the 
trees in fair order. 

“Recipe No. 3. Sixty pounds resin, 60 pounds tallo^Y, 10 
pounds potash, dissolved in 10 gallons water ; 10 pounds caustic 
soda (Green bank, 08 per cent). Dissolve the resin and tallow- ] 
when dissolved, add caustic Nvater slowly. Alter mixture is 
made, add 10 gallons of water. Use at the rate of 1 gallon of 
mixture to 10 gal loins of water. 

“ In the case of the black scale, I ha,ve found the addition of 
sulphide of soda at the I'ate of 1 gallon to 75 of resin .solution 
(the strength of the sulpliide being 1 pound of concentrated 
Ive to 2 pounds of sulphide) beneficial, and I should recommend 
the trial of this for iccrya." 

D. W. Coqnillett, assistant in the Division of Entomology, 
continued tiie work begun l:iy Koelrele in regard to the d.?> 
striictiou of scale insects, and at the end of the year 1889 the 
following was ri^cmnin ended as “the best solution for use dur- 
iim tlie latter part of the year”: it was made by combining 
with lieai, “ resin, IS pounds ; caustic soda (70 per cent strong), 
5 pounds; fish-oil, 21 pints; water to make 100 gallons." ^ A 
slightly modified formula^Yas published the following year; the 
fish-oil was omitted, and 5 pounds of caustic soda (77 per cent) 
were used with 10 pounds of resin, this being sulficient to make 
50 gallons of the wasii.^ Formulas almost identical to these 
are in use at the present time and are highly valued for the 
destruction of orange-scale in, sects, but fish-oil is very commonly 
added to the preparations. 

History of the Fungkides. 

This country has been less energetic in the introduction of 
new fungicides, probably becaiise fungi have always been more 
or less serion.s liere, and grow-ers were nccusto^ued to their 
pre.seuce. A S[>ecial .slininliis appe.irs to be necessary to arouse 
a people to any i\ew line of thought, and if this is not present, 
progress is slow. The Atuericau mildews, introduced into 
France, forced the vineyardists in tiie affected districts to 


1 A/ut. U, S. CUin. o/Agric. IsSS, 355. 


s Ibid. ISOO, 263. 
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disicover some efficient remedy, and they did so. The appear- 
ance in the Central States of the potato beetle and the canker- 
worm exerted a similar influence on American farmers ; they 
also were forced to overcome tlie pests, and the result w^is as 
successful as could have been wished. When each country had 
entered upon the tash allotted to it, the next step would natu- 
rally be a mutual exchange of results that iiiiglit be beneficial to 
the other, and such exchanges have taken place. Americans 
have not beer, slow to test many of the excellent practices recom- 
mended by French investigators, but when the methods were 
once understood they have been adopted in all parts of the 
land, at least by a few growers, witli astonishing rapidity ; and 
so well ha.s the information regarding these remedies been dis- 
.seniiiiated that no man now has an excuse for not knowing 
how to treat tlio large majority of the troubles whicli aifect tlje 
plants that he grows. 

Little was known in this country regarding the treatment of 
fungous disea.ses of plants ]>y li(piid ai>plications previous to 
Saunders and (lotV were the [tioiu-ers in tlie work. The 
formeo’.^ in I1S8I, .suggested the ii.se of three fnngichh's for the 
treatmeiit of api>Ie .scab: llypo.-^nlpliite of ,:o<la. aj^plied for 
the first time, in proportion of 1 pound to 1(1 gallons of water; 
sulphide of line', made hy boiling ‘J ]ionnds of sulphur ami 1 
pound of qiiickliine in '1 gallons of watiT, stirring fiaajmmtly 
till of a reddish yellow color; after .srttling, the clear liquid i,s 
poured off: a mixture of sulphur and watei-, in the piYtporliou 
of 1 pound to h) ov L“i gallons of w;d<n-. '/he .same remetlie.s 
were also recommended hy (Jofl' for the apple scaii and leaf- 
blight. Diu’iug tie; following year he, tested tlie hyposulphite 
of soda with the result tiiat "in the syringed portion of the 
tree, tlie ])er cent of uninjured fruits wa,s doulile that in tlie un- 
syriuged [KU'tioii, while, the Jn“rce^tag(^ (d tlie third ipialily, or 
much injured fruits, was one-lialf h'ss. It also appears that all 
of the fruits on the syringed [ioi'tion were larger in size than 
those on the unsyringed jsjrtion. We also noted tliat there 
were many more decayed fruits on the im.syringed portion of 
the tree.”- d’he.se were tlie first of inniimerahle experiments 
regarding the treatment of the same diseases. 

1 Canadutn IhrticfiUurixi, vil. Ne, 1 ), 1il7. 

* Ann. Ilej;. *V. Y. A^rw, lij'p. 2(K). 
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Colonel Alexander W. I’earson, of Vineland, N.J., summed 
up the sitviation, regarding vineyard diseases, in a comprehen* 
sive article vvhicl\ was published in lS8dd He says: “Years 
ago, while experimenting with sundry chemicals designed in 
their application to prevesU or cure ‘the rot,’ I accideutally 
noticed a vine, one branch of which was trained beneath the 
shelter of a projecting cornice, while the other ran over a 
trellis exposed to the sky, 'I’he grapes beneath the cornice 
were sound ; those exposeal were rotten.” Acting upon this 
hint, Colonel Pearson made a board covering, twenty inches 
wide, over a portion of his trellis, and the following year be 
found that the frviit under the shelter was sound, wdule that 
which projected beyond was injured as well as all others which 
were unprotected.^^ I'lie year following, the boards were re- 
placed by cotton sheeting a yard wide, which was regularly 
used afterwards. Paper bags were also tried, these l>eiiig tied 
about the fruit. They also afforded excellent protection, but 
their use was ratlier expensive, so that the main reliance was 
placed upon the cloth covering.s, which in addition protected 
the foliage from the <lowny mildew. 

7fi (,'olonel I’carsoii selected a block of Concords from 
which he “had tlie symptoms of infection rejnoved as fast as 
tliey appeared. All the rotted grapes were picked weekly from 
the clusters, picked up from beneath the trellis, taken away, and 
buried. Tlie leaves, w lierever spotted witii the phoma [black 
rot], were al.so gathered." Tlie following year “the vines thus 
cleaned showed an improvtunent of at least oOpr cent in their 
crop. J^Iowiiig all dcbiis nudiu', late in the spring, and then 
leaving the ground nmlistiirbed, also proved beneficial.” These 
processes of di.^inb'etioii were considered as forming the .sure.st 
and mo.st praclicaMe memis for the prevention of rot on grapes. 

Vines that were well nourished were supjwsed to resist disease 
better than their weaker neighbors, I lie downy mildew in par- 
ticular being intlueiiced by this variation, in other respeet.s 
this fungus was treated with ditliculty: “There is no benefit 
from any juelhod of disinfection, whieli I liave tried. Sulphur 

* Scrlbnor, T, ,V. Dt^pf. r/.-lfif/v'c. fiof. Dii\ Bull. ii. “Boport on tie Fangws 
lUsciiH-s «f Die V )!)(','■ A{»iK'ii<lix B. “ m'lnaiks i»j> Grsjw and Grape ilit- 
dew," rn-03, 

2 This remedy was not new. See An n. nq>t, U, S, { Vw. o/Agric. 1S61, 498, 
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is inefficient, and tlie burial of the vineyard debris and subse- 
quent iion-cuUure, wliich are of avail against the phoina, are 
useless here. When atniosplievic comlitious favor the develop- 
ment of this pest, it spreads like a jn-airie fire. I have seen the 
foliage on ten thousand vines coitjpleiely blasted by mildew 
witliin three da}'s after its appearance. Our only defense 
against peronospora will be in constitutional, prophylactic 
treatment." 

The above review w'as made by one of the most intelligent 
vineyardists in the country. It shows hosv comparatively help- 
less grape growers ivere in controlling fungous disea.ses, althougli 
Colonel Tearson liimself had obtained good results. In the trial 
of ciiemicais of whicli lie speaks, many articles must have been 
tested, but apparently none proved of value. In 188P, however, 
another experimenter apj^x'ars to liave been more fortunate:^ 
‘‘A writer in the i'aUfonm llortkiilumt<t speaks of the success 
of tlie ;q)plicaticin of siiljihatc of copper for mildew on rose 
bushes, using ojiedialf ounce to a pail of water." Hut tliis note 
did not attract any particular attention, in wliich respect it 
resembles a similar ojie which appeared in an English journal 
in 1801 (.see [)age 17}. 

During 1884 a snl’>stitute for Paris green was mentioned in 
the Countiif Gentleman.- Altiioiigh its use as an insecticide 
was advised in later years, a similar preparation was also 
thoroughly tested in regard to its fungicidal value. It was 
made by di-ssolving 

1 poutid. 

Water 4 gallons. 

When dissolved add to this solution 

Slakeil lime 1 pound. 

The Americans were thus lioveriiig about the trntli, but they 
did not quite discern it. Tlie discovery was made by the F rencli, 
and much of the preliminary aork necessary to the develop- 
ment of this new idea was also done by them. 

The tirsl formula for the, manul'actni'C of a fungicide, tlnit 
was borrowed irom the French was tor making the material 
which was later known as tlie Hni'deaux mixture, lb was pub- 


1 OnmUnj (Jinilmun, IssO, Ajpril ii, 'JCJ. 


!IA<L Issi, .tuly- IT, WT. 
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lished by F. Lainson-Scribiier, at that time assistant botanist 
in the Departineui of Agriculture at Washington, in the annual 
report of the Commissioner of Agriculture for the year 1885, 
although it actually appeared earlier in articles published by 
the Section of Vegetable Pathology which bear a later date. 
On page 84 of this report may be found the following para- 
graph ■ _ ^ 

“Many remedies for the disease of the vine due to tlie 
peronospora have been proposed, but so far the most effectual 
specific known is a solution of lime and sulphate of copper. It 
is made by dissolving 18 pounds of sulphate of copper in about 
22 gallons of water; ^ in anotlier vessel mix 34 pounds of coai'se 
lime with (i or 7 gallons of water, and to this solution add the 
solution of copper. A bluish paste will be the result. This 
compound, wlieu thoroughly mixed, is brushed over the leaves 
of the vine with a small broom, care being taken not to touch 
the grapes. This remedy, it is asserted, will not only destroy 
the inildew, but will prevent its attacks,” This preparation 
w-as at first known as “the copper mixture of Gii'oiide,” 

The following statements, no less interesting than the above, 
may be found on pag(5 81 of the same reiwrt : “ Alany of the 
diseases of our fruit orchards might be remedied, or at least 
diiniiiislied, by raking togetlier and burning the, leaves as sooji 
as tliey have fallen. . . . d'lic plan of raking up the leaves and 
burning them has been es]iecially recommended as a means of 
checking the growth of the apple-scab fungus, and the pear- 
ti'e,e scab. In respect to tlie hitter disease, it is not confined to 
the leaves and fruit, but extends to the youn’g shoots also. . . . 
If this disease be taken early, say at the time of the formation 
of the conidial or summer spores (the only spores so far known), 
tlie direct application of some fungicide might prove beneficial 
Kxperiments alone will prove the usefulness of this.” 

Here, then, are the first indications of a future ^Yhich could 
scarcely have been prophesied at the time, even by the boldest 
imagination; W'c have a hint of a power whose influence was 
destined to bring the growing of plants largely out of tlie realm 
of chance, so far as fungous diseases are concerned, and with 

^ Tliis aiiiount of wiitor is umloiibU'illv given as an equivalent of tUc Frcncli 
hectoliter, liut the Fivncli nieasuvc \f equivalent to ^6.417 g'alloas of the standard 
United States measurea. See AppendLs. 
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the help of the knowledge already acquired, to place this art 
upon a footing even more firm tlian that enjoyed by those occu- 
pations ill which the weather and other dispensations of Provi- 
dence have 110 direct influence. The passage contains the germ 
of an educational movement which stands unparalleled in tlie 
effect it has had in broadening tlie horizon of the agriculturist 
of the United States. It lias forced him to see that there is 
more in his business than following the rule-of-thnnibproce.s.se.s 
so long in vogue. It has enipliasized the power of knowledge, 
aud it has demonstrated, and is daily impressing tlie fact upon 
all who take the trouble to see, that it recpiires more brains 
than brawm to succeed in an occupation at which fonneriy 
even the most ignorant could be at least fairly successful. The 
ignorant are going to tlie wall, and it is tlie educated man, tlie 
“book farnieiV’ who is pushing tliem along, and who fills their 
places w'heu they are gone. The fittest stand tlie best chance 
of surviving. 


The Warfare against the various Fioigoiis Diseases. 

The formula for the manufacture of the Bordeaux mixture 
was soon widely copied. The following year, ISHd, ifc was 
published by Hilgard in dan nary, ^ by Hi ley iji February,’-^ by 
Colmau in May,® aud again by Scribner in the government 
reports.^ 

In Ililgard’s report the remark is made that attention was 
called to tlie mixture at an eai'lier date in the Padjic Rural 
Press. Xo oilier fungicidij is mentioned, but some remarks 
are made couceniiug tlie value and use of the mixture in 
France. Dr. Kiley’s ai'ticle is on “Tiie >MiIde\v of the (Irajie 
Vine”; it meiition.s tlie Bordeaux mixture, and also the u.se of 
kerosene-milk emulsion, sulplmr and lime, aud carbolic acid. 

It was during ItirSli tliat tiie Section of ^T‘gctai)le Pathology 
w’as established as a part of tlie United Slates Department of 
Agriculture. F. Lamsoii-Scrilmer was appointed its chief, and 
in ilay there appeared tlie first publication, Circular Xo. 

* CiiUf. At/ric. Erp. Sta. 'Jiui, liiill, 01. 

* iinrul Xm- Yorker, issfl, tVO. <>, ^7 

^ r. S. Dept, of Agric. Hot. Dir. >icr. r/';/, Puth. !>?(;. Mtiy, Clr. » 

* Ibid. Bull. ii. 16; Ann, litpt. C. S. Com. of A(/ric. ls»6, JW. 
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entitled: “Treatment of the Downy Grape Mildew {Perono- 
9 ipora miicola) and the Black Rot {Pkoma umcola)'’ The five 
remedies mentioned in this circular were all copied from the 
French journals. The directions were in brief as follows : 

“For Peronospora. 

1. “ Dissolve in 10 gallons of water o pounds of the sulphate 
of copper.” This was to be used for soaking the stakes and all 
tying material, and was also to be sprayed upon the foliage, 
using for the purpose any line spraying ap|>aralus, the cyclone 
nozzle being suggested as the best for the purpose. 

2. “ IVlake a mixture of lime and winter, as one ordinarily 
applies white w'ash.” Apply as above, but repeat after rains. 

3. This was the formula for the “ copper mixture of Gironde,” 
as given on a preceding page. 

4. “ The powder of Podechai'd.” This contained 225 pounds 
of air-slaked lime, -In pounds of sulphate of copper, 20 pounds of 
flowers of sulphur, 30 pounds unleached ashes, and 15 gallons of 
water. 

5. “The ordinary milk-kerosene emulsion, with the addition 
of from 2 to 5 per cent of carbolic acid and the same percentage 
of glycerine, and tlien dilute 1 part of the emulsion in 20 to 50 
parts of water. Spray on the under surface of the leaves by 
means of a cyclone nozzle of small aperture.’’ ^ 

For black rot, the ]nix.Un“e of lime and sulphate of copper 
was particularly recommended, and in addition to this a free 
use of Todechard’s powder, upon the ground in. the vineyard, 
was advisable. 

Scribner wrote as follows concerning the above circular; 

“Three thousand of these circulars w'ere distributed, and 1 
have reason to believe that many made a trial of one or more 
of the rejuedies proposed, but 1 regret to say that few responded 
to the request that the results of these trials be reported to the 
Department.” 2 A report was received from George M, High, 
Middle Bass, Ohio, the letter being dated Dec. 28, 1886, in 
which he speaks of lia\'ing poor ,sucog.ss with formula Xo. 2, 

“Tins formula liaxl previously been publisbea by Riley in JVeti- Yorker, 

1886, Feb. 6. 

*Ann. Jiept, U, S, Com, ofjgric, ISSU, 160. 
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but Xo. 3 was very prouusin,^. lie also used the fullowiuj^ upon 
sixty Catawba vines : ‘“Dissolve 1 pound of snlpliiit(‘ of co)>]jer 
in '2 gallons of water ; in another vessel slake \ poiimls of lime in 
the same <piantity of water; then mix these together thoroughly. 
Tlie advantage was the preservation t)f the foliagt> in a healthy 
condition in a marked degree o\’e]‘ vines untreattHl.” ^ 

Bush & Sou ^leissner. of Biishberg, lilo., also reported 
their work, saying: “We liave trietl all the remedies recoin- 
niended in your circular and llnd tliat designaled as Xo. 3 the 
best. We are continuing to a[iply this mixture of lime witli 
dissolved sulphate of e(tpi)er (not too strong), witli eontidi’iiee 
in its good results."- Another eurrespondent stattal that he 
used Podechurd's powdi'r (Xh.>. 1 ) witli marked henetit. 

The seeond ]Hiblieation of tlu^ Section ol ^'ege^al^le Pathology 
was a “ Keport on the Fungous Diseases of the (lra]>e \’i!ie.’'^ 
Jt is a bulletin of one luindred aiul (liirtv-six pagvs, and gives 
exlniiistive descri[hi<ins of the fungi eausing the <lowny mildew 
(^Pcrouo^lfrii'd ritit'olo), tlie powdery inilih'w [I ’ uriniild 
tlie black rot ( !iititr>tlti), antliraenose {Splmfrlimitt 
/DHpe/hiaw )« grajie leaf bligiit (('<rr>isji/irii riiiri,t<i), a\n{ gra]ie 
leaf spot Liihri(:trn'). ’!'lu' iiotauieal strn<“tiire. tla‘ 

general appearane*-. condiiions of dioelopnient. ami similar 
points wen* dwelled upon. >o that this may hi* eonsidered as 
perhaps the most important juihlicat ion of the si'tdion, wlien 
one considers tlie iuthmiire that it exerted not only upon grajie 
growers, Imt upon lutriii'iiltui ists in general. 

The remedies recoiiiniende)[ against tin* d<iwiiy mihlew were 
mostly those in iisi* hy Freii(‘h and Italiiui viimyardisf s. viz. 
the mixture of coj>j>er sulphate ami liiin*. ami the milk of 
lime alone. Tliere is also puhlislied a letter from Dr. dolm 
Strentzcl. of Martinez, (ML. dated dune ‘js. l.sst;. in -wldeh 
the following statenn'iits an* m:ule coiieeniing the use of iroi! 
and copper su][)hates : ' “I have, he^'u using for years .solutions 

'■Ami. lii-jJ. r. Cinii. nf Atj/ir. 1(11, s<<' iiUo e*.foiO*|/ HfniUwtn, 
l^'T, April 2-*, 

* Ihoi. !oi‘. rit. 

^This wji-. Hull, ii, <»r tlir Sertiun. Unit, i, Iciviiij; pcm jjnpli.'liol mi a InUanioil 
sut/jrt't net tn ttn^ vs-^rk nf Um- So timi. 

* ^rcriburr. “ ItcjiKrt eii Die Kiiri:r<(ii^ lli.'.citscs nf tln( (Jrapo ^'iin'," .V. iJejd. 

o/Agric. .kzc. Wg. I'fith. [lull, ii, IT, 
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of siilpliates of copper and iron to destroy parasitic fungi on 
vines and pear trees, also to kill red spider ou almonds. . . , 
The mixture I use con.sists of 2 pounds of sulphate of iron to 1 
gallon of water, dissolved, and add pounds of lime and 
I pound of sulphur, the lime being slaked in hot salt brine 
to a eojisistency of thick whitewash.” The removal of diseased 
fruit, leaves, and caues is aiso recommended, in addition to the 
liquid applications. 

The powdery mildew was best treated by the use of a mixture 
recommended by J. F. Allen.' It is composed of sulphur and 
lime, and is almost identical with Orison’s liquid described on 
page 10. 

Against black rot, it was advised to wash “ the vines in early 
spring, before the buds have commenced to swell, with a strong 
solution of the sulphate of iron,” ])ut the main ]'eliauce was to 
be placed in tlie bagging of the fruit. 

Anthracnose was to be controlled Ity the European practice of 
“washing the vines in early spring, before the buds liave com- 
menced to expand, witli a strong solution (50 per cent) of 
sulphate of iron. . . . When the young shoots have attained 
a length of five or six inches, they receive a good dusting with 
the flowers of suipiiuv, ^Yhethe^ the disease has appeared on 
them or not.” 

A.S regards the other twm diseases mentioned in the bulletin, 
no remedies were then knowji, but it was tliought “probable 
that the general treatment advocated for tlie downy mildew 
and anthracnose will have a direct tendency to limit tboir 
development.” 

Tliree appcndice.s form about two-thirds of this bulletin. 
Appendix A, written by Erwin F. Smith, gives an account of 
the extent and severity of fungous disease ou grapes, and some 
of tlie more common methods of treatment. The inaterial was 
compiled from the answers received to a circular askiirg for 
information on these topics. 

Appendix B was written hv Colonel A. \V. Pearson. It is 
an article on “ Kemarks on Grape Hot and Grape Mildeav,” 
which has already been (juoted in these pages. 

Appendix C is entitled “Tlie Prevention of .Mildew — Re- 
sults of Experiments with A arious Fungicides in French and 

' U, S. Fateni Office liept. Ai/ric, 1S54, 312, 
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Italian Vineyavils in 1885.” Sixty-eig'lit pages, oi‘ one-lialf of 
tile bulletin, are devoted to this subject, and it forms a fitting 
close to tlie matter which precedes. It.s contents, coming, as it 
were, directly from the European vineyards, wlueh were suil’er* 
ing even more severely than ours, lent a wcdght to the whole 
publication wliicb greatly increased its value. The subjects' 
treated in the various abstracts have already been discus,sed in 
the preceding chapter of tiiis volume. 

The annual report of the inycological Section ^ for 188t> con- 
tains much interesting matter, IMie Section seems to liave heetv 
placed ill good working order from the time of its establish- 
ment, and many important descriptions and I’ecoiniuendations 
are contained in this report, a very complete review of the work 
carried on in France and Italy being given. An abstract of 
ilillardet’s article on the work done during the year mentions 
many of the substances tried in Franco, the best of which are 
“the copper mixture of Gironde; David's powder; Pode- 
cliards powder; mixture of siilpliatc of co]iper and plaster; 
cupric steatite (a bluish-wliite, unctuous powder, con ionised of 
steatite ami sulphate of copper) ; and sulpliatine (a .secret mix- 
ture of sulphur, lime, sulphate of copper, and [daster),” Then 
follows a ‘‘table showing results of ex]jerinieiits uf Millardet 
and David with mildew remedies in France iti Isstj." 

A letter from M. (1. Foex, of Montpellier, France, contains an 
account of a meeting of the International Goiigr<‘ss held in 
Florence, Italy, during October, It says that tlie coppersalts were 
considered most vahudde, and the I'onmilas n'cnnii molded were 
Uiose of tlie Hordeanx mixture (the copper mixtun'of (Jironde. 
page ‘27) ; ean cele.sto, Audoynaml process (page :>!)) ; and .snl- 
phatecl sulphur. In regard to the last siihstaiicc the letter says 
that “M. 'fheopliile, Skawinski. at Cliateau Laiijac, in Giromle, 
and M. D. Cavazza. director of the school of viticulture at .Vlhiv 
(Piedmont), have used siicecssfnily mixtures of piilvrri/.ed sul- 
phur with 8 to 10 per cent of snlpliate of copfier finely triim 
rated.” According to an otlicial report of tlie meetings held in 
Florence, the conclusions in respect to the remedies for the 
mildew “were: (1) That gaseous remedies ap)died against the 
perouo.spora have not. given useful results; (J) that among 
the remedies in the form of [vowdey thus far tried tlie most etli* 

^ Ann. {tipi. U. S. Com, uj' A]jrk.^ isbtt, 
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cacious are those in which sulphate of copper is used ; (iJ) tliat 
the mixture of lime and ashes, and of lime and sulphur, have 
not as yet given results sufficiently satisfactory to enable us to 
recommend their use ; (4) among the liquid remedies, the milk 
of lime prepar('.<l so as to make it convenient for application, 
baa proven quite satisfactory ; ho\Yever, its use from a practical 
and economical standpoint encounters in many places serious 
difficulties', (o) that the remedies most successful in the results 
obtained are the mixed liquids or solutions containing sulphate 
of copper.” 

Tills portion of the report closes with an article on Skar 
winski's powder as a fungicide, giving its history, composition, 
and use. On the pages which follow are described several 
fungi found upon the grape and also some occurring upon other 
plants. Among the latter may be found an account of the ceh 
cry leahblight which is of interest here on account of a remedy 
which is mentioned for its prevention : “ I would hesitate to 
recommend the application of solutions containing the salts of 
copper on this vegetable, for hygienic reasons. A solution of 
penta-sulplmret of potassium, or liver of sulphur, 1 to 2 ounces 
to a gallon of water, sprayed upon tlie plants at the first appear- 
ance of the blight, may arrest its progress. This preparation 
deserve, s a trial in this case." The use of this substance was 
pwobably suggested by the English papers, wliicli at this time 
contained many accounts of its value for the control of certain 
fungous diseases. 

Remedies for the orange-leaf scab are also suggested, three 
of the preparations named being, “ a solution of bisulphide of 
potassium, oiie-half ounce to a gallon of water ; the (Irisou 
liquid . - . ; to 10 gallons of strong soa[vsuds add about a 
pound of glycerine and one-lialf pint of carbolic acid.” 

Regarding the treatment of potato rot, only suggestions are 
made. A trial of Pudecliard’s powder, and of David's powder, 
are recommended. 

The curing of pear blight is looked upon as an almost 
hopeless task, and unfortunately we are now little nearer the 
solution of the problem than at that time. The report says 
that “spraying offers little hope of success. . . , An experi- 
ment tried during last season in spraying with a solution of 
hyposulphite of soda, applied several times during the period 

H 
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of expansion of the buds, gave no evidence of beneficial 
effects.” 

Although the Department of Agricnltnre was taking by far 
the most active part in advancing tlie cause of the treatment of 
fungous diseases, tlie work was not entirely confined to it. Early 
ill 18S6 ttiere is recorded^ an account of the Italian practice 
of sprinkling lime upon grape foliage. 'I’lie remedy consists 
“simply of a liiiie wasli inade of o pounds fresh lime slaked with 
24 gallons of water. The vines are sprinkled abundantly with 
this wash from the middle of May to the middle of August, the 
application being repeated five or six times in all.” 

Goff continued bis experiments in the use of tlie hyposul- 
phite of soda, applying it. in ISStJ, upon apples and pears. IIi.s 
work of tlie preceding year was verified in the case of the 
apple, but the results from pear ti'ees were less striking, only a 
slight difference occurring in favor of the sprayed half, d'lie 
material was also applii'd to pears for tlie blight, with entirely 
negative results. - 

During the spring of 1886. “ B. F. J.” wrote an account which, 
at present, appears like a prophecy ; for it has taken scientists 
several years to learn tiie fact wliich at that time was not 
known to exist. The writer, after speaking of tlie use of a 1 ]>er 
cent solution of liliie ,'<tone. and of a lO ]ier cent, solution witli 
lime enough to make a thin paste, for tlie control of grape dis- 
eases, reasons tliat the co]>|x*r sulphate sidutioiis sliould lie a|>- 
plied to potatoes “threatened with mildew or rot. . . . Knt if, 
in the event of the appearance of the Colorado beetle, Paris 
green (arseuite of copper) extended in .")() times its bulk of fine, 
ground land plaster lie apjilied to jiotato vines as often as 
needed to destroy tlie insects, old ami young, it will be worth 
the while to ascertain if mildew makes its appearance in fields 
so treated. It is beliin'erl by the writer tliai little or nothing 
will be seen of mildew or rot under such circumstances, and if. 
after the bugs liave disappenred, (he Paris gri'eii ami plaster are 
continued, the vines will resisi to the eiid/*^ 

V/hether the alxwe was founded on exjierieiice or not, it does 

* Count)' If Ocnthuiiin, Koh. 4, 

* Ann. ,V, 1*. Krp. IsSl), 1T4, 

^ CountT)} OmiliiMh, hStJ, May liT, 4i)0. 
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not alter the fact that, even at this time, Paris green was believed 
to have some valae as a fungicide, and this is probably the first 
statement of a fact which was not generally conceded until defi- 
nite experiments made by trained men had established its truth. 

Such are the most important events of the year 1886. The 
main feature of the work was the spreading of information, and 
the recommending of lines of treatment to he followed. Little 
actual work was done. 

The work of 1887 was of the same nature, for the results of 
scarcely an experiment made in this country were published. 
Each one appeared to wait for someone else to try the reme- 
dies, so that there might he no douht about the successful issue 
of later experiments. The United States Department of Agri- 
culture apparently had no plantations in which to work, for, 
in the annual report of the cliief of the Section of Vegetable 
Pathology, more recumineiulations appear than do the results 
of actual field tests. The results of the French ex]')priments are 
still freely drawn upon, and they form the basis of the recom- 
mendations. Most of the work done in this country was under 
the direction of tlie Department of Agriculture, which is deserv- 
ing of praise for tlms bearing the hniut of a movement which, 
with characteristic conservatism, has not been immediately 
adopted by the bulk of tlie agricultural population. 

Circular Xo. 8 of tlie Sect ion of Vegeta i>le Pathology appeared 
in April, 1887. Its sul)ject was the •• Treatment of the Downy 
Jlildew and Black Hot of the Grape.” Tlie value of copper 
sulphate was placed alcove that of all compounds in which 
no copper ajipeared, and formulas were given for the manufac- 
ture of the following : the simple solution of sulphate of copper, 
1 pound of the salt being dissolved in ‘2i) gallons of water; eau 
celeste (Andoynaud process) ; copper mixture of Gironde, or 
Bordeaux mixture, 16 pound's su]|)iiate of copper, 30 pounds of 
lirne, 28 gallons of water, this being a more dilute mixture than 
that recommended in 1886; ami it is also stated that “some 
have reduced the ingredients to 2 pound.s t)f sulphate of copper, 
and 2 pounds of lime to 22 gallons of water, and have obtained 
good results.” Directions are also given for the manufacture 
of David’s powder, and of sulphatine, tlie directions for the 
latter being to “mix 2^ pounds of anhydrous sulphate of 
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copper with 15 pounds of triturated sulphur, and 10 pounds 
of air-slaked lime." 

Circular Mo. 4 appeared in July; it \va.s entitled “ Treatment 
of tlie Potato and d\nnato for tlie Plight and tlie Rot.” Among 
tlie formulas given, only two require notice. That for the Por- 
deaux mixture produced a still more dilute pre]>aration. The 
directions were to ‘‘ di.s solve 4 pounds of sulphate of copper in 
IG galloirs of water; in another ves.sel slake 4 pounds of lime 
in G gallons of water.” This was a decided improvement on 
the foi'raula published during tlie preceding April. Among 
the dry applications is foimd a “ Pliglit powder”; this was 
made by mixing “ 3 pounds of anhydrous sulphate of copper 
with 97 pounds flowers of sulphur.” It has not come into 
general use. 

The annual report of the Section of Vegetable Pathology for 
1887 ^ is full of suggestion and encouragement. The white rot 
and the bitter rot of gi'apes are described, tliey liaviiig been 
identified in this country for tlie first time. Copper com pounds 
are recommended for their treatment. Xew formulas are intro- 
duced, as the old ones liad not given satisfaction in all cases. 
The manufacture of eaii celeste is described as follows; 

“In 2 gallons of Jiot water, dissolve 1 pound .sulphate of 
copper; in another vessel dissolve 2 pounds ordinary carbonate 
of soda; mix the two solutions, and, wlieii all reaction lias 
ceased, add Ij pints of liquid ainnionia.; wlien liesired for use, 
dilute to 22 gallons.” ' 4'his preparation has become better 
known under tlie name “ modified eau celeste.” 

To prevent injury to the young shoots, tlie following solution 
is recommended: “Dissolve 1 pound sulphate of copper in a 
gallon of hot water, to this solution add liquid ammonia, a little 
at a time, until all the copper is precipitated; the liquid is then 
turbid and blue in color. Add 2 or gallons of water, and let 
stand to settle. Then pniir off tlie clear liquid which contains 
sulphate of ammonia — the compound which causes the burn- 
ing of the leaves, 'rhen pour upon the precipitate left in the 
vessel just enough liquid ammonia to dissolve it. . . . When 
required for use dilute to 22 gallons.” ^ 


1 Ann. Rept. U, S, Com. of Aoi'ic. 1SS7, S'JUIDT. 

* ForinijliKif M. \[as.'!on, Prourf.it Agrlenle^ IsST, July, 

* Proyreif AyrUole et Viliaoh, 1SS8, April 23, 



101 


Spraying in 1887 . 

The last formula of the year for making the Bordeaux mix- 
ture is introduced by a statement that '’‘considerable latitude 
is allowed in (inantity of lime and copper sulphate in the Bor- 
deaux mixture, l)ut the amount of the latter ought not to fall 
below 4 per cent. The most recently recommended formula for 
the preparation of this compound is 4 pounds of sulphate of 
copper, ‘J pounds lime, 25 gallons water.” ^ 

The report also contains a description of the strawberr'y- 
leaf bliglit with directions for treatment. Regarding the lat- 
ter poijit, the work done in the lal)oratory showed “thai these 
conidia will not germinate in very dilute solutions of hyposul- 
phite of soda or sulphate of copper. It is a simple matter to 
apply similar solutions to the plants in the field, where it is only 
reasonable to suppose tliey will have a like actimv on the repro- 
ductive bodies in question.” The hyposulphite of soda solution 
was made by dissolving 1 pound of the salt in 10 gallons of 
water. One fonn of copper solution, recommended for the first 
time in America, was thus prepared; “In 1 quart of liquid 
ammonia di.ssolve -1 ounces of carbonate of copper, then dilute 
to 20 gallons.” This w'as here called the ammouiacal carbonate 
of copper. 

Regarding the treatment of apples for the scab, are the 
following statements: “ HxperimeLits already made with the 
sulphate of copper solutions indicate that they will, when prop- 
erly applied, at once check the scab. ... The following course 
of treatment is suggested : 

“1. Ill early spring, before the buds have commenced to 
expand, spray the trees thoroughly with a soluUou of sulphate 
of iron, using 4 pounds of iron sulphate to 4 gallons of water. 

“2. As soon as the fruit has set, apply the Bordeaux mix- 
ture or one of the modified preparations of eau celeste. 

“4. If the weather sViould he such as to favor the develop- 
ment of the scab fungus, a third application should be made 
two or three weeks after the second, using the same materials.” 

The ciiloride of iron or some other fungicide is suggested for 
preventing the rust of beets. The anthraenose of the raspberry 
and the blackberry is supposed to be amenable to treatinent as 
well as that of the grape, and the same practice of washing the 

^ Viala and Fmoiiillat, “Manuel pratique pour le Traitemeiit des ifaladies de la 
Vigne/' sm>Dd edition, 1SS3, 2T, 
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dormant canes with the sulphate of iron solution is recoiri' 
mended. When the plants are in leaf, the Bordeaux mixture 
sliould be substituted for tlie. solution. In treating beans for tiie 
anthraciiose, solutions of the liver of sulplnir are most prized, 
as less danger is connected with their use. Treatments of the 
following plants for fungous diseases are also recommended, 
the copper compounds being particularly advised ; catalpa, for 
leaf spot; rose, for black spot; rose rust, for which the chloride 
of iron is preferred, it having been reported as of value in the 
treatment of a coffee disease; and gooseberry, for mildew. Tiie 
Grison liquid is also meiitioued. 

The work of control ling plant diseases, other than that 
planned by the Tnited States Department of Agriculture, wa.s 
conspicuous by its abs6m'.e. The agi'icnltural journals occa- 
sionally copied parts of the govenmietit rtqiorts. or made reconr- 
mendations, Init scarcely a record of individual efforts can be 
found. The various State stations already establislied were 
also inert, with a single exception. Goff was continuing the 
work he had begun in If^Sd, and this year, 1887, treated a|>ple 
trees with the liyposnlphite of soda, and with tin* Audoynamrs 
eau celeste. The former proved as satisfactory as in preceding 
years. The latter, however, was too strong for the foliage, one 
application causing decidedly iiijurimis effects. The fruits on 
portions that wore sju^ayed three times dnqiped from the trees 
before muturityd ’riiese experiments inay have formed the 
basis of the remarks in the ie])ort of the Niction of Vegetable 
Pathology regarding the in jury caused by eau cedt^ste, for I can 
find no other account of the use of this fungicide during the 
year upon apples. Arthur also reports marked success in the 
use of the sulphide of potassium in the treatment of gooseberry 
mildew, the solution being used at tlie rate of oue-half ounce 
of the chemical to one gallon of water. ^ 

After the establishment the govermnent experiment sta- 
tioirs, most of which were organized in 1888, the hulk of the 
work done to advance tln^ methods of controlling plant diseases 
\va.s carried on by the stations and by the Ihqiartment of Agri- 
culture at ^Vash^llgton, the work of the .S(>ction of Vegetable 
Pathology being especially tliorough. The i)ul)Iished reports 

* Ann. Rep. N. T. HUiii Agric. Eyp. Sin. 1SS7, 1)9-101. * Ibid. ^48. 
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of these experiments have taken the lea4 in the endeavors to 
overcome fungi affecting cultivated plants, and they are a record 
in which may be found the gradually lengtheuing list of plant 
diseases which have succumbed. It is impossible to give the 
details of the enormous amount of the work done each year, 
so only the more important contributions will be noted. 

A bulletin of particular value to grape growers was issued by 
the Agricultural Department in 1888. It records the results of 
many experiments made in 1887 in the use of the several for- 
mulas published in Circular l^o. 3 of the Section of Vegetable 
Pathology. The downy milde\v and the black rot are the two 
diseases controlled. The Bordeaux mixture proved to be the 
most satisfactory remedy.^ 

The report of the Section of Vegetable Pathology for 1888, ^ 
Professor B. T. Galloway having been appointed chief of the 
Section in November, contains a long list of diseases which 
were studied and treated. Mention is made of various diseases 
of the grape ; the downy mildew of potatoes ; tomato black -rot, 
and a form of blight ; brown rot and powMery mildew of cher- 
ries; leaf blight and cracking of the pear; rose-leaf spot; plum 
pockets ; apple rusts ; leaf sjwt of maples ; a sycamore disease ; 
cottonwood-loaf rust; peach yellow^s; and notes on celery-leaf 
blight. Tills j’st well represents the energy which was displayed 
in America in combating all fungous diseases as soon as the 
proper methods were supplied. The study of fungi was vigor- 
ously carried on by many investigate ns, and- a firm basis for 
experimental \York ^Yas thus established. 

Early in 188fl the same department published a bulletin in 
which several plant diseases and the methods of their treatment 
are mentioned.^ Applications of the sulphide of potassium so- 
lution, or of modified eau celeste, were advised for the treatment 
of the apple scab, and the same remedies, or other f\mgicides 
then known, were named in connection with apple rust and 
bitter rot. The black rot of grapes was successfully treated in 
1888 by Colonel A. W. Pearson, Vineland, N.J., who made 
experiments under the direction of the commissioner of agri- 

^ Scribner, U. S. Ih’pi. A{}ric. Bni. Dir, Bull. S, 

Mjoi. V. 8. i\m. A^ric. ISSS, S’J5-104. 

* Gallaw&y, [T. S. Dipt. Agric, Bot. Div, Bull, 8, 45-6T. 
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culture. The Bordeaux mixture proved to be most satisfactory, 
aud the following formula for its manufacture is given : 

“Dissolve 6 pounds of sulpliate of co]iper in 10 gallons of 
water; in another vessel slake 1 pounds of lime in 0 gallons of 
water.” The two liquids were tlieii slowly mixed and the' 
preparation was ready for use. Tliis formula is the one which 
at tir.st was most w idely reconmiended. 

The methods of treating (he rust of melons consisted in the 
use of a carefully prepared eau celeste, only enough ammonia 
being added to precipitate the cop^xu'. The liquid was then 
poured oiV, ami ammonia added to tlie cop|Xir sediment remain- 
iiig ill the bottom of tlie vessel until all the copper was again 
dissolved. One pound of the sulphate of cop[>er so treated was 
sufficient for twentydwo gallons of water. IIy[)osnlplute of 
soda and also the suliiliide of jiotassiiim were sngge.sted for the 
prevention of l.'iean anthracnose. 

Bulletin 11 of tlie Section of Vegetahle Pathology gives an 
account of some, of the work done in the treatment of jvlant 
diseases during the year In addition to the various 

diseases which liad already r(x;cived attention, tlie following 
are named: leaf Idight of tlie pnir and of the quince; rusts of 
the peach, plum, ([uince. ainl blackluu’ry; leaf Might of tlie 
strawlierry and of the blaekben v ; and tlie rot and tlu blight of 
tomatoes, in the annual report of the Section^ additional 
mention is made of the treatment of several ajiph' diseases, 
including tlie important experiments of 1'aft, (lotf, and Hatch 
on the apple-scab fungus. The account of the treatment of 
nursery .stock for the powilery mihlew i.s also intertesting. 
Pear stock was treated for the leaf blight, and tliese expm-i- 
ments may he considered as l>eiiig the tirst rlirected towards the 
protection of nursery stock. TJie i miseries of Prank I in Davis 
& Co., situated twenty miles north of Washington, were used in 
these experiments. The following year tlie first ajiplications 
on cherry stock.s were made, the, disease trcalial being that 
commonly known as leaf liliglit. In later years the treatment 
of nursery stock liecame one of the leading fi'aturcs of the 
work of the Section. 

It was during that the government exporiineiit stations 
began to report the results of work in tlie treatment of plant 
> Ann. R(p(. U. S. Com. A^rk. ISSLi, 
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diseases. Ti\ October, Neale pnbiif^hed* an account of work 
done m Dclawave vine}’anis. The Bordeaux mixture was used 
witli an estimated saving’ of per acre, Stained fruit 

was clcniued by pluoiu^^ it iu wive baskets which w’ere dipped 
In diluted vinegar. The fruit rvas allowed to remain here a 
few' nioinciits, and then dried on wire frames. 

An important article written Iry \\'eeil appeared the following 
month.- He conceived tlie idea of applying insecticides and 
fungicides together, and tlie statement is made that “a con- 
siderable imiubcr of cxpcriuieiits with this end in view have 
carried on during the season with very satisfactory 
re.suUs.” One of, these experiments w'as designed to control 
the brown rot of stone fruits. A plum orchard was treated 
for this disease as follows ; “ We sprayed the trees early in 
April (April 10), lief ore the leaves came out, witli a simple 
solution of copper sulphate, and twice during Hay (loth and 
‘iolli), the first with London purple alone, the second with a 
combination of Imiidon luirple and the Bordeaux mixture, 
which treatiiicut was repeated June I, Xo further opplicar 
tions wei'c made, cxcejJ. to one tree, which was sprayed with 
the Bordeaux mixture .luly 1(1,” Fairly satisfactory results 
were obtained from the apj dicat ions. 

The Bordeaux mixture was also applied to apple trees for the 
prevention of the scab, but the results were ilecidedly against 
the use of tlii.s fungicide for the treatment of the disease, a 
result Nvhich, it is scarcely necessary to say, has not been 
vevitied in late years. T)je black rot of the gra]>e, and the 
quince-leaf spot, were niore successfully controlled by the same 
remedy. 

Maynard tried a combination of Paris green and a solution of 
copp,!' sulphate upon p(d aloes. The growth of foliage was 
checked, but the li light was not so serious upon the treated 
as upon the imt rented lairtiims.^ 

At the time that (lillidte. was experimenting with mixtures 
of the arsouites and lime (see page 7(1), he also used the Bor- 
deaux mixture in place of pare lime, with .snch success that 

* Od. Agrit. Ex)). null, C. 

® Ofdo Agric. f>p. Sfn. h'c.mkI wrios, Vol. 11. ISStl, Bull 7, 186. 9e« also 
Agricultural ikioicf, Vol. iii, 1^S9. 2(y, 

* itttM. Hatch Agric. f>p. Sta. ISIW, Jao. Bull. 7, 12, 



106 


The Spraying of Plants. 

the iise of the combination rapidly gained favor. One of the 
conclusions reached was that “ London purple (Paris greeil and 
white arsenic have not yet been tried) can be used ut least eight 
or ten times as strong without itijury to foliage if applied in 
connnon Bordeaux mixture instead of water.” Later experi-^' 
ineiits have shown that Paris green can be applied in the same 
manner with greater safety tliaii when pure water is used. 

Although the smuts of grain are not best treated by spraying, 
still these diseases are suHiciently connected ^Yit]^ the .subject in 
hand to allow’ the mention of some work done by Kellennan 
and Swingle.^ In 1889 tlie work was niaiiily verifying the 
methods proposed by Professor Jensen, of Copenhagen, Den- 
mark, for the treatment of the various grain si nuts. 'Hie 
following year tifty-oiie methods for treating tlie stinking smut 
of wlieat were tried. Of all tlic treatments tested, the Jensen, 
or hot-water method, is probalily the best for general nse, 
although in our experiments it did not prevent all the smut” 
(see Part IL under Oats). 

Ilalsted published a report in 1880 which ]>roved to be the 
beginning of an important series.^ This first pnblicallon con- 
tained notes on diseases of the potato, grape, cranluMTy, cucum- 
ber, sw’eet potato, and lilac, those of the cranheiTV having 
already been mentioned in Bnlletin (51 of the station. The 
reader is referred to later reports liy the sann-, investigator for 
the descriptions and methods of treatment of a great many <lis- 
eases of plants cultivated out of doors, and also of those grown 
under glass. The reports are especially ricli in tlie accounts of 
diseases affecting green! louse plants, and those commonly grow n 
by florists. 

During 1890, Maynard con tinned his work on the combina- 
tions of insecticides and fungicides.^ He used the ammoniacal 
carbonate of copper together witli Paris green. 'Phe foliage 
was in all cases seriously injured, and the fungicide ajipeared to 
lo.se its value wdien used iu this maimer. Later experiments 
have generally agreed with this result, and such a eoml)i- 
nation has not been used in common practice. Kerosene had 

1 Ayrif. Ej-}). Efo. 1SS», Oct, Hull, jjmi 1S9(>, Aug, Hull. 12. 

*A)in, liept, X. ./, Ayric. Erp. Sht. 1SS9, 221-2-39, 

*MaM. Hatch Agnc. Ei-p. Jan. Hull. It, 18. 
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been tried for the destruction of the black knot of plums, but 
injury was liable to be done to the small growths, for the oil 
spread to other places than those on which it had been applied. 
I'he recominendatiou is therefore made that the oil be mixed 
with some pigment to form a thin paste, and this is then to be 
•spread over the newly forming knots. Very satisfactory results 
had followed the use of tlie remedy, the knots being destroyed 
without injury to the sound tissues. The applications were 
made with a brush. 

The Agricultural Depavtuient at Washington was conducting 
work in the treatment of diseases of the grape, apple, pear, 
quince, raspberry, hollyhock, and cotton. Comparative tests of 
fungicides were also made, and a new one known as mixture 
No. 5 was considered as having special merit. ^ It consists of 
equal parts of ammoniated sulphate of copi>er [see page 117] and 
carbonate of ammonia thoroughly mixed and put up in air-tight 
tin cans.” ^ It was used at the rate of 12 ounces in 22 gallons 
of water, but this proved injurious to the foliage of cherry, 
peach, blackberry, and young grape sboots. 

Chester, of the Delaware station, made some important 
experiments in the treatment of grape diseases.^ The fun- 
gicides tested were the “ ammoniated carbonate of copper," or 
the ammoniacal solution of copper carbonate ; the carbonate of 
copi)er and the carbonate of aiinnoiiia. mixture, a compound 
first used by this station, and prepared by mixing together S 
ounces of carbonate of copper and 1 pound of pulverized car- 
bonate of amraoni.a, and tlieji dis.solving in 2 quarts of hot 
water, after wdiich the solution can be diluted to 50 gallons ; 
the precipitated carbonate of copper ; tlie Bordeaux mixture ; 
modified eau celeste ; and mixture No. 5, of the United States 
Department of Agriculture. Wliile all the conclusions drawn 
from the work have not been fully substantiated in after years, 
the publication did much to demonstrate the practicability and 
financial success of proper applications of fungicides. The Bor- 
deaux mixture was recommended as being perhaps the best to 
use early in the season, b\it when danger of staining the fruit 
arose, the use of the carbonate of copper and carbonate of 
ammonia solution, or of the modified eau celeste, was recom- 

^ GttUoway, Ann. Rept. r. .S', Ayrk. 1890, i03. See also P. 160. 

* Del. Ayrie, Etp. SUi. 1S90, Bull. 10. 
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mended. The precipitated carbonate of copper was thought 
to be valuable as a fungicide, but it has since fallen from 
favor. 

Professor L. R. Jones, of yennont, began work upon potato 
diseases in 1890, and since that time valuable reports liave been 
published by him regardii^g tlie various di.seases of this crop." 
In the annual report of tlie station foi' tliat yeai- may be found 
a condensed account of the work upon potatoes as well a.s upon 
the diseases of otlier plants.^ 

In Galloway's report for the year* 1890 is tlie Hiateinent: 

“ In treating the disease [leaf blight of peai', cherry, and straw- 
berry] the present season, tlie best results were obtained from 
the use of the ainmoniacal copper carbonate and the Bordeaux 
mixture. As far as tlie ethcacy of tlie two fungicides is con- 
cerned, there is little choice. Tlie ease with whicli the aimno- 
niacal solution is prepared and applied, however, makes it more 
desirable in the end.” These two fungicides were at the time 
generally considered to be the best. 

In 18.91, Galloway jmbJislied an account of the iiseof Ih>rdeanx 
mixture made of diiferent strengths, and the results olitained 
showed that for grape diseases it was not necessary to use a.s 
much copi>er sulphate and lime as the fonimla given in Circular 
4 of the Section of \'egetal)le Patholngy called for. “ ’I'lieri^ 
was little dift’ereiieo between the plats treated early witli full- 
strength and those treated in tlie same way with the half- 
strength mixture.”''^ J'lie “balf-strengtli ” was made l>y using 
one-half the amount of materials called for liv wliat lias later 
been termed the “standard" fornuibi meiitiomal in Circu- 
lar 1, the amount of water used remaining the same. The 
half-strength or ‘'normal” formula was soon very generally 
adopted. 

Golf ill 1891 establislied the fact tliat Paris green possesses 
marked fungicidal value, espi‘ciallv during <lry .seasons. Later 
experiments made liy Lodemun liave sliown that tlie jtoison is 

> Ann. Rt'jif. TV. .lyr/'c, S>a. l-'il'i, 1:211-14-1. Sw ulso Hull. ‘J4 uf the same 
station for inor*' lU-tailrd (It'scriiiiiotis. 

r. A', thin, ;m-4i>S, 

r. S. Ar,nr. N'.U. , 

*Ihid. 3«; anaann. liept. Win. A<jrh\ t>i,. .Sta. lStU-92, 
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of value in wet seasons as ^Yc]l ; ^ and it is at present considered 
as possessing more value to tke apple grower than any other 
single compound which he has at his command for checking 
fungous and insect enemies. 

It is siugiilar that while our most reliable insecticide, Paris 
< green, is found to possess value as a fungicide, the Bordeaux 
mixture, which is probably our best fungicide, should possess 
a marked insecticidal value. In some notes which ap^x^ared in 
the Journal of Mycology (Vol. vii. 27), Hatch, of Ithaca, Wis., 
says that in treating potatoes it was noticed that plants sprayed 
with the Bordeaux mixture suffered less from insects than 
those used as checks, and “it would thus appear that where 
the mixture is used for rot and blight it may also be efficient 
as an insecticide.’' Professor Jones, of Vermont, gave still more 
positive information of the same nature at the Brooklyn meet- 
ing of the Society for the Promotion of Agricultural Science,^ 
although his remarks applied particularly to injuries from the 
ilea beetle, Beets were protected in a similar manner. Gallo- 
way writes me as follows regarding the experience of the 
government experitnentens : “ We also had a striking case a few 
years ago in treating a large vineyard. The leaves on the 
plants of onr check plats were all badly eaten by the grape-vine 
fidia, while those adjacent, sprayed with Bordeaux mixture, 
were not touched at all.” ® 

In 1891 Chester jnade a comparative test of some fungicides 
which at that time seemed to be of vahie, hut which were not 
in general use.^ Applications were, made to pear trees, the fol- 
lowing fovnnilas being u.sed for prepaving the fungicides: 


C. Copper carlionalft 1 pound. 

Water 35 gallons. 

G. Copper sulphate S ounces. 

Soda hyposulphite U “ 

Water 23 gallons, 


^ Cornell Aork: h>i). fHo. Hull. 

* A^vicultnrol Vnl, viiJ, S(>l-,Sl!7. 

*Se<} jIjoi. Kij. Aurii.'. Exp. .SYft, IstiO, 40 (disilrihuted early In 1SS5), 
for e.TLperi((K‘nts iiisde by Ufu riinti oii tubiK'eo w<\rins. grasshoppers, and potato 
booties, in IsSS, tho-so boini: llu‘ tlrsl of tliis nature : also EormU Agnc. Exp. Sia. 
Bull, sfi, 5S, for the provontivni of inM.'ct injuries to apples; Jun, Ii(pt, Vt. Agrio- 
Alrp. ,S7«, tS04. 12. SI, 

‘ Dd. JifWo, Kxp. Uta. 1S92, Bull, 15, 5, 
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H. Jolinscni's mixture: i 

Copper sulphate 8 ounces 

Ammonium earlmuate 1 pound. 

Water 25 {gallons. 

I. Copper oarbonate 8 ounces. 

Ammonium carbonate 1 pound. 

Water 25 gallons. 

A. Copper carbonate 3 ounces; 

Ammonia 26° 1 quart. 

Water 2.’) gallons. 

B. Copper carbonate 3 ouiices. 

Ammon lum carbonate 1 pound. 

Hot water 2 quarts. 

Water to dilute to 25 gallons, 

D. Copper sulj)liate 6 pounds. 

Quicklime 4 “ 

Water 2.5 gallons. 

E. Copper sulphate 1 pound. 

Sal -sod a U pounds. 

Ammonia 1 pint. 

Water 25 gallons. 


After two years' trial of tlie above, tije fortnulas D, E, and I 
were shown to be the most elfective. D, or the Hordeaux mix- 
ture, exerted no injurious action oii the foliage nor on the 
fruit; E, or the modified eaii ctdeste, had but slight action on 
the foliage; wliile preparalioti I had little or no action on foli- 
age or fruit. 'I'liis really im]dies that tlie ftordeaiix mixture 
was as effective as any fungicide used, and that it jiroved to he 
the safest as well. d1ie only object ion raised to it was the 
ditiiculty of making the applications. 'I'lie other preparations 
were either of les.s fungicidal value, or they injured foliage. 

Since 1892 exhaustive expei-itneiits have been conducted by 
the United States Department of Agriculture for the prevention 
of rihsts affecting wheat and other cereals. Tn fliat year, eleven 
preparations were applied, two i)eing’ in tlie form of powfler; 
the remainder were liquid, and were sprayed upon the plants or 

1 This fungicide was so called from Hit; fact that Dr. S. W. Johnson first pro- 
j)o.se<] its use In the Ann. Re.pi. of the Conn. A'jyic. Rxp. Stu. ISSO, 113, It never 
came into general use. 
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vfere applied to the soil. The materials used were the Bordeaux 
mixture, the ammoniacal solution of copper carbonate, ferrous 
ferrocyanide mixture, cojiper borate mixture, ferric chloride 
solution, ferrous sulphate solution, cupric ferrocyanide mixture, 
cupric hydroxide mixture, potassium sulphide solution, flowers 
^f sulphur, and sulpho steatite. Although these were applied 
iu various ways, the results were in no case favorable for en- 
couraging the use of fungicides in controlling such diseases, i 
and later experiments have, on the wliole, verified the results 
then obtained. The same report also contains a list of Iwenty- 
five different mixtures which were applied to pear nursery stock 
at Geneva, N.Y., the number including various compounds of 
copper, iron, and zinc. The copper compounds proved to be 
the most etficient in preventing leaf blight, and no compound 
^Yas found which has proved to be preferable to the Bordeaux 
mixture. 

One of the most important advances of the year 1894 was 
made by Bailey.^ In treating a quince orchard with the 
Bordeaux niixture it was found that the imst (Mcestelia 
((iirantiaca) was certainly less prevalent in the sprayed por- 
tion of Colonel Bowen’s orchard [Medina, N.Y.] than in the 
unsprayed part.” 

l\Iany valuable ex^x^rimenis have been made, and many im- 
portant results obtained, wdiicb cannot be named in this brief 
account of the everwvidening use of insecticides and fungicides; 
yet one otlier disease is of sufficient importance to require 
special mention. The black knot of plums and cherries is con- 
tinually threatening the profitable cultivation of these fruits, 
and in some localities the disease lias forced grow’ers to aban- 
don their culture on account of the death of the trees. 

Maynard has recorded^ an experiment in wdiich certain plum 
trees were sprayed with copper sulphate solution early in the 
season, and later -with the Bordeaux mixture, the last treatment 
being made July 29. The conclusion drawn from the experi- 
ment was that “ the number of warts was very decidedly less 
where treated with the copper mixture than w here untreated, 

^ Gfllloway, Ann. Sept. U. >S'. Com. Ayric. 1893, 216 et eeq. Jairctild, Jour, of 
Vel. vii. Mo. 3, 240. 

* Corn^U Ayrie. Exp. Sta. 1S94, Bull. 80, 027. 

® Ma»s. UatcK Affric, Ea^p. Sta. 1891, BuU, 11, 19. 
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... and we believe that the plum wart may be held in check 
by the use of this remedy.’' This note attracted but little 
attention, and four years later, when the Cornell station pub- 
lished a bulletin ^ on the same subject, scarcely a j.>erso]i appears 
to have adopted the remedy. The Cornell ex}>eriiiients were 
carried on during two seasons, and they showed conclusively^ 
that the disease can be treated successfully and prolitably by 
the use of tiie liordeaux mixture. 

II. In Canada. 

Canada was active in taking advantage of the knowledge 
gained in the United States and in Kurope. The experiments 
of Saunders in destroying the potato beetle Avere made soon 
after the discovery of the value of Paris green (see page 60). 
Through the kindness of Professor Craig, of Ottawa, I have 
been able to collect the following data regarding the early use 
of insecticides and fungicides in tlm ju’ovinces. He write.s tliat 
“as far as I k[iow G. W. Cline, of "Winona, Ontario, ajid J. K. 
McMichael. of Waterford, Ontario, were the pioneer.s among 
the practical orchardists in tlie Avork of applying insecticides.” 
In reply to a letter, the last-named gentleman kindly Avrih^s as 
folloAVS ; “ I commenced spraying about the spring of 1S83 Avith 
a small force-pump, using a mini her of ingredients, as an experi- 
ment to destroy fungi on pear trees.^ In the spring of 1887, T 
bought a large double-acting force-pump, and sjirayed my apple 
and pear trees Avith a solution of hyposulphite of soda, Avhich 
1 first used in 1885 to destroy fungi, and obtained fairly good 
results. For canker-AVorm and other insects I used Paris green. 
For a few years 1 sprayed Avith the carbonate of copiAcr to 
destroy fungi on the leaA’es and fruit of apples and pear.s, Imt, 
recently the sulphate of copper has been applied for the same 
purpo.se.” Since neither Mr. AIcMichael nor Professor Craig 
knoAv of any groAA'er in Ontario who sprayed any earlier than 
is stated in the aboA^e letter, we may conclude tliat the former 
was the first, or at least one of the first, to make sucli appli- 
cation in that proAunce. 

1 L(K].;man, Cornell Arjric. Erf). SM. 1^94, )3ull. 81. 

».Sec' -t?ui, JlejA. Eruit Oroiverx' Akm'ii of Ovi. ISS9, SC. Mention id here 
nude of the application of by^iosulphite of soda in lool. 
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I am also indebted to Mr. R. W. Starr, of Yfolfville, Nova 
Scotia, who has taken the pains to write so complete an outline 
of this branch of horticultural work in the Eastern section of 
Canada, that the letter is ^nven below in full: 

“I can scarcely give dates as to when spraying w^as first 
adopted in this province, as the practice has grown up from 
small beginnings with the fine rose watering-pot and garden- 
syringe, using solutions of whale-oil soap, tobacco, or hellebore 
to destroy tlie currant and gooseberry worm, and thrips on the 
rose bushes. Tliese methods were in use by the late Hon. C. R. 
Prescott as early as in the forties at least, and I can remem- 
ber some experiments of his with tobacco and the soap solution 
to drive the curculio from his plums, hut this was afterwards 
abandoned for the nialet and sheet. 

lS7o, Mr. A. S. Harris, of Port Williams, who had been 
fighting canker-worms for two years with poor success, got a 
small brass hand-pninp with single and double orifice nozzle 
from New York. With this he sprayed his trees, using Paris 
green, 1 teaspoonful to 10 (piai'ts of walei’. Plils was so suc- 
cessful tliat the next year every one who was troubled with 
the canker-worm provided himself with a [nunp and arsenites. 
Since tlieii the use of the spray has been continuous where 
needed, large, powerful pumps fitted to casks or tanks and 
placed upon wagons being used for the purpose. TJie first of 
these was gotten up by myself in 1880. I used a common brass 
cylinder lift ami force pump fitted with suction and delivery 
liose. With this I tried nearly every kind of nozzle made: 
some are good and some are worthless. O'lie Yermorel as it 
is now made is, I think, the best for all purposes. 

“ During the past four years spraying has assumed a much 
more important place in our fruit industry than fonnorly. Rv 
using the Rordeaux mixture and other fungicides with Paris 
green, and spraying earTv and frequenlly, we find tliat we can 
keep in check the black scab on the apple and pear, and the 
black knot and rot of the plum, as well as destroy the iiusect. 
pests that seem to have been increasing proportionately as fast 
as the fruit trees.” 

Some of the first Canadian publications regarding the use of 
fungicides appeared in 1888.^ Then appeared formulas for 

1 Ann. Kept. Fruit GrowerA' ISSS, 105, 15i. 
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making the eaii cdleste and the (original J5ordeaux mixture as 
first prepared in tljis eontitry. 'hhe latter was given by Dr. 
lliley, while the former was copied from one of the United 
States government reports. 

Ill tlie annual report of the Canadian Experimental Farma^^ 
for 1890, there is an account of experiments made by Professor 
Craig for the control of tlie apple-scab fungus. The -copper 
compounds were here used, and he writes me that “the ^ first 
work done in Canada on this line was in 18Q0, under my direc- 
tion, at Abbotsford, Ih’ovince of Quebec. ... It is .safe to say 
that the Experimental Farm system has led the work in tlie 
practical application of fungicides in Canada. Xiiis year 
[180-t] quite a large proportion of our most pi-ogres.sive fruit 
grower.s arc using Hordeaux mixtui'e in tlie Jlamilton and 
Criin.shy districts of Ontario, tlie Island of. Montnnal, the east- 
ern towiisliijis of tiuebcc, and the .Viinapolis valley of Xova 
Scotia. In Pritish Columbia, when^ insects are more injurious 
thus fur than fungous diseases, spraying for the destruction of 
tho.sc foes is more gimei’ally practiced tinin for the prevention 
of fiiiigou.s diseases.” 

The following year a bulletin ^ appeared in which were pub- 
lished methods for treating tlic apple-scab fungus, the downy 
mildew of tlie gra^ie. goose lierry niildeu, and there were also 
given directions for making the carbonate of laippiO', tlie copper 
suljdiate .solution, the aininonincal <nu'bonate of copper, and the 
sulphide of pota.ssium solution. This bulletin was soon fol- 
lowed by another ^ report fi'om tin; same author, in which were 
mentioned comhi nations of the amnioniacal copper carbonate 
with Paris green, and the co[»]»er caiTonate in suspension and 
Fari.s green. 

Early in iJ^hl Fletcher published a bulletin^ in which were 
mentioned a great itmny injui'ious insects, and information was 
given reganling the ]>repai'aliou and u.se of various in.sccticides. 
The annual report of the stations for bShl also contains matter 
of a similar nature, aud thus C'anada took lier place in tlie list 
of tlio.se countries engagetl in the task of overcoming the in- 
numerable parasite.s of cidtivati'd plants. 

H'rai" ra)»f<f<i Out. hV/>. IsiU, Bull. 10. 

* .Oiw. /nf/t Ar/.. Ff >■>,>», MU. 144-Ur 
® ('iina<{a Ctut. A>/>. Farm^ Is'.M, Bull. 'i. 



CHAPTER IV. 

WE MATERIALS AND FORMULAS USED IN SPRAYING. 

No attempt has been made to render the following list of 
materials and formulas complete. Such a record ^Ao^lld require 
many more pages than can here be devoted to the subject, and 
ill the end the result would be of little value, since the majority 
ot the substances named would lie such as have been found to 
po.ssess no real \Yoi'th and have in consequence been discarded. 
But many of the materials formerly recommended did possess 
merit, and the pi'iucipal I'ea.son for (heir abandonment lias been 
tliat other ami more etfectlve substances have been brought 
forward, with the natural result that tlie first was displaced by 
the newcomer. Such hu’iiiulas are fte(pient]y interesting as 
sliowing the steps ^Yhich have liceii taken in the development 
of preparatioms now recognized as the liest, and they may also 
assist in doing away witli the idea that a fungicide or insecticide 
must be made in accoi’dance with a certain definite formula in 
order to lie effective. Nearly all the following directions will 
bear considerable inodification, and while it is highly desirable 
tliat t]]C rules l>e followed as closely as possible, since they have 
been fo.'iuulated after much exi>ei'ieuce, minor changes may be 
made with comparative safety, and good results will still follow. 
The cost of the more important substances is given ; the first 
figure refers to the wholesale price, while the second one gen- 
erally refers to the price when the article is liougbt at retail. 

AcETO-,\]{SKN'iTn OF CoruKu. See Paris Green, page 121. 

.'Vlcoiiul. — \ do per cent solution of alcohol when applied 
ill the form of a spray is useful in destroying aphi.s in green- 
houses and in dwellings where the use of other methods is not 
advisable. See also Pyketfiiu m. 
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Alum and Pyhetiiuum. — 


Alum 2 ounces. 

Pyrethraiu 3 large tablespoonfuls. 

Water 10 gallons. 


First dissolve tlie aliuti, after which the powder may be 
added. This mixture has been recoiiimeiided as possessing 
special value in destroying cabbage worms. The applications 
arc made by means of a watering-can or sprayer when the 
caterpillars are first seen. 

AMMONr.\; Aqua Ammonia; Hautsiiohn; Volatile Al- 
kali; THE Ga.s; \ it jig, nissoi.VKi) in Water. — 

Although ammonia alone possesses no practical value as an in- 
secticide or as a fungicide, it is so frequently used in the prepa- 
ration of the latter tliat it has interest in tills connection. Am- 
monia is the term popularly used to deiiote a solution of the 
gas in water. It is a clear, colorless liquid, lighter than water, 
and po.ssessing an overpowering, pungent odor. It has a strong 
alkaline reaction, and is a solvent of probably all the copper 
compounds used in spraying. It is for this reason that tJie 
article is of such importance in the preparation of certain 
fungicides. Commercial ammortia varies greatly in strength, 
but there are two methods of indicating its degree of concen- 
tration. The older method is the one inaugurated by lleaumd. 
He used an instrument called a hydrometer, which showed the 
specific gravity of liquids in accordance to an arbitrary scale 
invented by himself. The following five items have been 
selected from his table for testing liquids lighter tlian w'ater. 

In the first column are degrees taken from liis .scale ; the 
second shows the specific gravity (G.) of tlie liquid as compared 
with water; the third sliovvs tlie per cent of tlie weight of 
ammonia gas (% Wt.) as found in the liquids which register 
the indicated degrees u]) 0 ]i tlie scale, The figure,s in the second 
and third columns form the .standards of measurement now 
used by most chemists : 


Beaume, 10® indii 


iates .900 G. or 9.8 % Wt. 
.930 “ “ kg; “ 


t* 


24® 

20 " 


.K24 “ 20.4 

.91,3 “ “ 24. 
.901 '• “ 28.0 
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The 26° Reaume ammonia k the strong ammonia of com- 
merce, and in the end it is the cheapest form to buy. The 
liquid loses its strength very rapidly unless it is kept in 
tightly closed vessels, bottles having glass stoppers being among 
‘‘the best, It must be handled with extreme care, for the fumes 
are so overpowering that serious consequences may result unless 
the oijerator has at all times fresh air to breathe. Strong 
ainmonia is readily diluted with water to any desired extent. 
Cost of 22° Real line seven to twejity cents per pound. 

AmmoxiatedCoppkr SiiLPiiATE. — According to the “ United 
States Rharmacopoeia” of 1870, this substance may he prepared 
as follows : ‘‘ Take of sulphate of copper half a Troy ounce ; car- 
bonate of ammonium 360 grains. Rub them together in a glass 
mortar until elfervescence ceases. Then wrap the ammoniated 
copper in bibulous paper, dry it with a gentle heat, and keep it 
ill a well stoppered bottle.” The sixteenth edition of the “United 
States l)ispensai*y,” 1877, contains the chemical reactions which 
take place, and very complete information. When the prepara- 
tion is exposed to the air it is said to part with the ammonia, 
resulting in the formation of carbonate of copper and ammonium 
sulphate, it has been used by the United States Department of 
Agriculture in a preparation known as mixture Xo. 5. 

Analyses of various substances arc here inserted together 
for sake of convenience of comparison (page 118). The table 
is taken from the ]\Iassaclin setts State Agricultural Kxperi- 
inent Station, report for 1803, page 378. 

Arsenic; Ausenious Acin ; Arsenious Anhydride; 
White Arsenic; White Oxide of Arsenic; Arsenic Tri- 
oxide ; AsjC)-}. — The element arsenic stands midway between 
the metals and the non-metals. AVhen pure it is a solid, having 
a metallic lustre and a steel-gray color, It is but little used, 
the compoMiid commonly sold as arsenic being arsenic trioxide. 
This is a white crystalline powder, which is gritty like sand. 
It Is soluble ill cold water to the extent of 1 part in 100 ; boiling 
water, however, dissolves 1 part in about 10 of water. 

A solution of white arsenic has a caustic action upon foliage 
if a sulTicieiit amount of the poison is present. Dan berry 
records 1 an exi>eilmeiit in which one hundred square feet of 
young barley was watered with a solution of arsenious acid, 

^Jour. Ckem, Soc. of London, 1S62, Vol. xiv% 225. 
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made by dissolving 2 ounces in 10 gallons of water. After 
six days the crop looked blighted, hut the plants eventually 
recovered. Most plants are seriously injured when not more 
than one-fourth the above amount is used, and the solution for 
this reason requires dilution to such an extent that its value as 
an insecticide is largely destroyed. 

Arsen ions acid may also be the cause of the death of a plant 
if applied in solution at the roots. Jager^ cites many eases in 
which diiTerent plants were seriously injured or killed in this 
manner, the action of the poison being to cause the entire plant 
to wilt and finally to die. Tn one experiment, some young oat 
plants were watered with a solution containing 1 part of arsenic 
in 480 of water, Tlie application was repeated a week later, 
and two weeks from the beginning of the work most of the 
plants were wilted to the ground, but some still remained fresh 
and continued to grow.^ Cuttings also absorb arsenic with tlie 
same result as when the poison enters through the roots, for a 
cheinical examination showed arsenic to be present in the 
ti.ssues. 

In view of the aliove, arson ions acid or white arsenic cannot 
he recommended as an insecticide. When combined with other 
substances, however, it can be used with safety. Kilgore pub- 
lished the following formula for combining arsenic and lime:* 
<< A very cheap insecticide, having the same insecticidal proper- 


ties as London purple, can be easily made by boiling together 
for one-half hour in 2 to 5 gallons of water 

"Wliite :irseni(* (coimiiercial) 1 pound, 

Lime [iinslaked] . .2 pounds, 

and dilute to required volume, say 100 gallons. . . . Itisde.sir- 


ahle that tlie lime should be present in the boiling solution of 
white arsenic since it renders the latter insoluble as fast as it 
goes into solution, thus reducing the volume of water, and 
shortening the lime for obtaining th^ arsenite. When the 
white arsenic is dissolved alone, a larger volume of water ami 
more time are required. When lime is added the precipitation 

^ Dr, Georg v. J;lgor, “ Ileber die Wirkimgen des Arseniks aiif Pllanzeu.” Stutt- 
gart, ISM, 

* Ibid, e, 9. 

• C. Agi'ic. I&cp. Sia. 1891, July, Bull. VT b, 7. 
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goes on slowly, requiring more than twenty-four hours to reach 
completion." This precipitate is the arsenite of lime, which is 
the active principle of T/Oiidon purple. 

In 1875 iilcMurtrie, then the chemist at the Agricultural 
Department in Washington, conducted some experiments from 
which he drew the following conclusion : “I’lants have not the 
power to absorb and assimilate from the soil compounds of 
arsenic, and tliat though arsenical compounds exert an in- 
jiirious infiueiice upon vegetation, yet this is without effect 
until the quantity [iresent reacluis for Paris green about 90d 
pounds per acre; for arsenite of [lotassa about 400 pounds per 
acre; for arseniatc of potassa about 150 pounds per acre."^ 

Arsexatk of Lead; (ivrsiNE; Pn.j (A — Arsenate of 
lead may be made by placing li ounces of acetate of lead and 
4 ounces of arsenate of soda into a Imgslmad containing 150 
gallons of water. These substances <]uic;kly dissolve and form 
arsenate of lead, a fine wliite powder which remains in suspen- 
sion in water."- If it is desired to make any variations in the 
aitove, tile poison can he, prepared by using per cent by 

weight of arsenate of soda, and 7ti.07 of acetate of lead. These 
may be dissolved sepai-ately, and wlicn united tiie arsenate of 
lead will be precipitated. This cotnpomi<l is miicli lighter than 
Paris green and can he used witli greater freedom, jw it does 
not injure foliage, d’he conclusions of Tern aid in regard to 
tlie amounts to use are that “some such proportions as 1, 
or 2 pounds to lot) gallons of water would prove entirely satis- 
factory,”^ and potato lieetles were killed wlieu hut f of a pound 
wa.s used. At tlie Coiaiell Station tliis jioison proved unsatis- 
factory in the destruction of canker-worms^ and of tent-cater- 
pillars ill 1805. 

Aksknatk of Soda; Xa,,TIAs(\ — I’his material lias also 
been tried by Tenia Id, Imt it injured foliage and was not so 
effectual in destroying insects as tlie other forms commonly 
recom mended. Its use for this jmrpose cannot be advised.^ 

Aksemtk of Coi’FEii ; Scheele’s Green; CuIIAsOj, or 


i-Ann. nn>i- V- of IST-'l, 147. 

* Kernati, AfnkK ilnkh Agrit:. KjcI). ifUi. 1S94, April, Bull. 24, A 
> Ibid. 5, 

*Cvrnetl Agrie. Sxp. M/. IspS, Btill, 101. 

» Ma»9. Hatch Agric. Esep. Sta. ItiDt, April, Bull. 24, s, 9. 
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CUg(As 03 ) 2 - — “This compound is to be had by adding an 
aqueous solution of arsenic trioxlde to an attirnonia-copper sul- 
phate solution ; tins latter solution is prepared by adding am- 
monia to a solution of copper sulphate until the precipitate 
which is at first formed dissolves.” ^ During 1895, the writer 
tested this arsenite, and the results showed that its value in 
destroying the cod iin -moth is far inferior to that of Paris 
oreen, while its fungicidal action is probably greater than that 
of any other compound of arsenic and copper. The United 
States Department of Agriculture conducted a similar work 
during the year, but a full account has not vet been published. 

Paris Green; Schweinfurth’s Green; Emerald Green; Mith 
Green; French Green; Aceto-nmenile of Copper ; (CuOAs^Oj), — 
Cu(C 2 H 3 () 3 ) 2 - — Puris green may be prepared by making a boil- 
ing .solution of white arsenic in one vessel, and a similar one 
of acetate of copper (verdigris) in another. These two boiling 
solutions are then combined, and Paris green is precipitated. 
It appears as a more or less line powder, having a beautiful 
clear green color. It is practically insoluble iu water, but <lis- 
solves readily iu ammonia. It is for this reason that ammonia 
forms such an excellent test for determining the purity of the 
powder; all sediment which the ammonia will not dissolve may 
be consideretl as foreign nmtter. 

Ehrmann has given the composition of pure Paris green to 
be as follows : ^ 


Copper oxide 31.29 

Arsenious acid 58.65 

Acetic acid lO.Oii 


Most samples, even of the purest grades, show some variations 
from the above. 

Since very nearly all the arsenic found in Paris green is prac- 
tically insoluble in water, it is true tliat this poison is the safest 
insecticide now in general use. It will, nevertheless, injure 
foliage, sometimes to a serious extent, if several applications 
are made. The foliage of the stone fruits is particularly sus- 
ceptible to this actioii, although even the apple will suffer. The 

^ Shepard, “ Klements of Chemistry.” 245. 

* CiW hy Ross, Ala, Agric, E«p, Sta. 1S94, August, Bull. 68, 5. 



122 


Th Spraying of Plants, 

danger may be avoided by adding lime to the liquid in which 
the poison is held, using e(pial parts of lime and arsenite, as is 
also done with London purple. Paris green is lieavier than the 
latter, and must be more frequently stirred when in water. 

Paris green possesses some value as a fungicide. This is 
probably due to the presence (jf the copper. Although tlie 
fungicidal value of the poison is, perhaps, only one-lialf as great 
as that of the l?ordeanx mixture, its protecting influence is 
fairly strong, as has been shown l)y several investigators. It is 
witliout doubt the most valuable single remedy that can he 
used in an orchard, since it checks most insect injuries, and 
reduces, to a marked degree, the losses occasioned by fungous 
diseases, altliougii it cannot be c*on.sidered as a very energetic 
fungicide. 

Since Paris green contains less soluble ar.senic, it can ])e used 
with greater freedonj than Loudon pui'}ile, as there is less danger 
of injuring the foliage. "When the poi.son first came iitto use, 
more of it was applied than was necessary for the dest ruction of 
the insects. The amount has been reduc(;(l so that, at present, 
the following may lie accepted as a safe and effective mixture 
for plants when only one or two application.s are to be made. 
The fine-grained powder is to be prei’eriT'il, :is it doe.s not settle 
so rapidly, and is more evenly distributed : 

Paris green 1 pound. 

'Water l.tO-lton j^allons. 

The more concentrated mixtures should Ite used only upon 
plant.s winch are not easily injured, as the eggplant mid the 
potato; in other cases, when the insects are destroyed with 
difficulty, lime should be added, using an amount eijual in bulk 
to tljat of the poison. It is always safer to make this addition, 
even when the mixture is more dilute ; the amount of lime used 
is so small that no clogging of tlie macluiiery will result, and 
there is no danger of injuring the plants. 

The action of lime in overcoming the caustic ]>ropertie.s of the 
compounds of arsenic has suggested the use of the Hordeaiix 
mixture in comlunation with tiiese poisons, luit especially witli 
London purple ami with Paris green, 'kliese mixtures have 
now' been in use for sevei'al years, and they liave, almo.st wifii- 
out exception, given excellent results, The value neither of the 
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insecticide nor of the fungicide appears to be weakened, and 
the presence of the lime in the Bordeaux mixture entirely pre- 
vents any injury to foliage. The arsenites are mixed with 
the fungicide in the same proportions as if clear water were 
the diluent. Other combinations than the above are not so 
satisfactory.! 

Wheti used diy, both Tondon purple and Paris green may be 
applied pure, provided a uniform and economical application 
can be made. It is, however, customary to mix the poisons 
with flour, leached ashes, plaster, air-slaked lime, soot, and 
similar substances, using 1 i>art of the insecticide to from 5 to 50 
of the diluent, the required amount of the latter being less 
when the tuo are thoroughly jnixed and carofnlly ap])licd. 
But since the introduction of improved machinery, the liquid 
applications are generally preferred. 'I’he price of Paris green 
varie.s from eighteen to tljirty cents per pound. 

Auskxitk of Limk; Ca.^(AsO.^) o (Normal). — An arsenite of 
lime is formed when arseiiious acid and lime arc boiled together, 
as already described under Arsknic. About tUree-foiirtlm of 
London puiqde is made iq) of this material, according to analyses 
made at the Cornell expeiBiient .station.^ The arsenite of 
lime is insoluble in water, and i.s not injurious to foliage. As 
an insecticide it is probably not suvpa.<sed l)y any compound of 
arsenic; it is advisable to mix some coloring matter wdth the 
poison to lessen the danger of mistaking it for some other 
article. 

English Purple Pomn. — An analysis of this preparation 
sliows the total amount of arsenic trioxide to be :16.75 per cent 
of the material. Of tliis amount, 11.58 per cent is soluble iu 
water. This insecticide has as yet been tested only to a limited 
extent, but my own experience with it has been that the fol- 
lowing proportions may be used with success against the potato 
beetle, an insect which is destroyed with greater difficulty than 
many other pests ; 


Englisli purple poison 1 ounce. 

Lime 1 “ 

Water 4 gallons. 


^ See Corneil A\iric. Kirp. Hiu. 1S91, Pee. Bull. 35, fur accounts of expeiimenta 
in combinliif' various fujigioiiles and insecticides, 

* Cornill Agrit. Exp. Hia. 1S90, July, Bull. 16, 36. 
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Considerable difficulty lias been experienced in mixing the 
poison with water. l^Inch of it floats upon the surface in the 
form of bubbles, and it is almost impossible to wet all the poi- 
son. When once tliorouglily wet, it remains in .susi)eiision 
fairly well. 'I’lie color of tlie mixture is darker than that of 
London purple. 

Londoi) Purple. — The clieinioal composition of London pur- 
ple is variable. Two analyses published by Ihiiley^ are as fol- 
lows: ‘‘1. Arsenic, -Id. Go per cent; ro.se aniline, 12.10; lime, 
21.82; insoluble i'e.sidue, ll.m ; iron oxide, 1.10; and water, 
2.27. 2. Arsenic, oo.do per cent; lime, 20.20; sulphuric acid, 
.22; carbonic acid, .27; inoi.sture, .o.2J).” Some samples show 
that fully one-half of the arsenic is in a soluble condition, and 
this easily explains the scorching of the foliage to whicli Lon- 
don purple has been applied. In the manufacture of certain 
dyes tlii.s subs! a nee a [•[tear, s as a naste jn'odiiet, which accounts 
for the above variations. The finely divided condition of the 
[)Owder is one strong [loiiit in its favor. It remains sus- 
pended in water a long time, and (he liquids witii Avhich it is 
mixed require comparatively little agitation. The value of Lon- 
don purple does jiot rest in it.s coloring matter, for this can be 
removed and tim ar.senite still be as effective as before. In 
order to cberk tlie oanstic action of the ])oisoi], it is well to add 
an amount of lime fully equaling in welglit that of the drug: 
the di.ssolverl arsenic will tlieii be convei'ted into an insoluble 
arsenite of lime. 

The following formula indicates tlie manner of its u.se; 

I.<mdon pur[ile 1 poiiiul, 

r.imc 1 “ 

Water 200-.‘500 gallons. 

When less water is u.se<l, the antounts of the other ingredi- 
ents should 1)0 reduced in [u'oportiou. In making applications, 
the liquid .should i>o .stirred .sutliciently to prevent the .solid [lar- 
ticles from .settling to the bottom. 

If London purple is usiul without lime, foliage is conmioiily 
scorched when 1 pound in 200 gallons of water is used, hut more 
dilute mixture.s will prove more safisfactory. Tliis arsenite 
should cost from six to fifteen cents pm' pound. 

* II</rticuliun$t's RuU-Book, third edition, 2, 
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Paris Purple. — This substance closely resembles English 
pui-ple poison, being of a very deep maroon color. Chemical 
analysis shows d+.l per cent of arsenic trioxidc, 40J per cent of 
this ainount being soluble in water. It may be used in the 
same manner as recommended for English purple poison, and 
it is also defective from the fact that it does not mix readily 
with water. 

llKNZiNK. — Benzine has been used in the place of the 
bisulphide of carbon for the destruction of insects infesting 
seeds. It is not so energetic as tlie latter, so that larger quan- 
tities of the liquid must be used. 

BisuLPir[DK OF Caruox. See Caubox Bisulphide. 

Blight Powder. See Sulpiiated Sulphur. 

Blue Stone. See Copper Sulphate. 

Blue Vitriol. See Copper Sulphate. 

Borax. — Borax, whether used as a powder or in a strong 
solution, is of value in driving roaches and similar vermin from 
the places they frequent. 

Bordeaux Mixture; Copper Mixture of Gironde; 
CoiTEU Sulphate and Lime Mixture; Millardet i\Irx- 
TURE. — The early history of this fungicide has already been 
tlioroughly discussed, as well as the first formulas adopted for 
its manufacture. The chemical composition of the mixture is 
by no means clear, for altliough at first thought it would 
seem that the reactions which take place when the copper 
sulphate solution anrl the milk of lime arc brought iii eon- 
tact with eacli otlier iiiiist be quite simple, still such is not the 
case. The new compounds formed vary with the proportion of 
the ingredients, and all who liave observed the behavior of the 
mixture must have noticed that it varies in color with the dif- 
ferent amounts of lime <added. sometimes being intensely blue, 
again, much ]>alcr bine; and frequently a greenish tinge will be 
noticed, this being most marked when a small amount of lime 
is present. Since tlie chemistry of the mixture has not yet 
been accurately determined, it will l^e of little avail to discuss 
the various theories regaialing its composition, and only those 
couceriiing wliicli there is the most certainty may here be briefly 
mentioned. 

When the mixture was fir.st studied, it was supposed that the 
union of the two ingredients caused the formation of copper 
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liydrate, water, aiul the sulpliate of lime, in accordance with 
tlie following reaction : 

CuSO^,5Hp + Ca0n20 =Cn(OII)2 + CaSO^-f^ir^O. 

copptT sulphate crystals +utitc‘r-sL'ikL‘<l liiiic‘=C()ppcrbydriitc+Iinu! suljibntc t-vvaicr. 


Tt was soon found, liowever, that tliese changes would not 
account for the various phenomena noticed during its niatiufac- 
ttire. Careful observation has shown that when lime is added 
to a certain point, tlie mixture assumes a greenish tinge, due 
to the formation of precipitates, probably basic sulpliates of 
copper, in wliicli tins color predominates. Tt i.s a popular idea 
that the addition of lime is necessary in order to neutralize any 
free siiljdiuric acid which may be present. If such were the case, 
the precipitate would be largely a sulphate of lime, with no liv- 
droxide of copper. \Vlieu lime is added to a solution of cop]>er 
sulphate, the latter compound i.s entirely broken up and new one.s 
formed. The presence of the basic sulphate of copj>er is tliiis 
explained. When sullicicnt lime is added so that the copper 
sulphate is entirely neutral izi'd, most of the copper i.s probably 
precipitated in the form of a hydrate. But at least one other 
compound is sometimes formed in the Bordeaux mixture. This 
appears most commonly when an excess of lime lias been adiled 
to a concentrated form of the iiii.vtnre. It may be a double 
basic sul{>liate of copper and lime, but so litth; work has been 
done regarding its formation and action that no definite .state- 
iiients can be imuhn ' 

^Miatever may be the conijiositimi of the Bordeaux mixture, 
it i.s certain tliat all Init a trace of the copper is in tlie form of 
a precipitate or setliment which is practically insoluble in water. 
This settles to tlui bottom, leaving a clear solution above. Tliis 
solution is of no value as a fungicide, for the sediment contains 
all the com])onnds useful for tliis jnirpose, and therefore the 
mixture sliould be kept tlioroiighly stirred tiiat the .sediment 
may be uniformly applied. 

Ibit the reactions which take place in the Bordeaux mixture 
do not cease when the material is applied to the plant. Tt is 
w^ell known that carhoitic acid will cause cou.shlerable <]uanti- 
ties of copper to enter into solution again if the acid comes In 
contact with the copper sediment of tlie mixture. Tlie chemi* 
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cal changes which take place have not been fnlly determined, 
but Professor J. T, Willard has suggested the following; ^ 

2 (Cu(OH)2, CuSO,) + COg = 

basic, copper sulphate carbonic 
acid ^as 

2 CuSO* + Cu(OH )2 + CuCO, + IlgO, 

copper coji])er copper water, 

sulphate hydrate carbojiate 

This theory appears to be very plausible and several facts 
tend to support it. When dew or rain-water gathers upon a 
leaf, the lifiuid always Toiitains a certain amount of carbonic 
acid gas in solution, obtaining it both from the air and from the 
leaf itself. If the foliage has been sprayed with the Bordeaux 
mixture, the carbonic acid comes in contact with the copper 
sediment, and a certain amount of the copper is dissolved. 
This much lias been proved. That the dissolved copper may 
be in the form of the sulphate is also very probable, since it is 
well known that a solution of copper sulphate is injurious to 
foliage, and well-prepared Bordeaux mixture has also caused a 
similar injury. This alone is not very convincing, l)ut when it is 
considered tliat the injury following the use of the fungicide does 
not take place immediately as a rule, but onlj' after the sedi- 
ment has been exjxised to the air for some lime, the position is 
strengthened. If, however, the weather is of such a nature that 
tlie foliage is constantly wet by light showers, not enough rain 
falling to wash off the leaves but only to wet them, and if this 
were continued for some time, much injury might be expected 
to result from the use of even such a safe preparation as the 
Bordeaux mixture. During the early part of the year 1894 
such conditions did exist, and much complaint was heard 
regarding the injury done to both apples and pears by the 
use of this remedy. It seems very probable that the carbonic 
acid .should unite witli some of the copper, and also with some 
of the lime, although no mention is made of this in the above 
reaction, and that pure copper sulphate should result. As the 
amount of this compound gradually increases, the injury to 
the foliage and the fruit naturally follows. 

* Cited by Fairchild, U. iS. ^epi, of Agric. Piv. Vig. Path. Bull. 6, 14. 
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The formation of the carbonate of lime may take place as 
soon as, or even before, tlie appearance of the copper sulphate, 
since the acid would probably act more energetically upon the 
hydrate of lime than upon the copper compounds; therefore 
the appearance of the copper sulphate would depend to a 
certain extent upon the absence of tlie hydrate of lime. This 
well explains the tardiness with which the Bordeaux mixture 
injures foliage.^ 

Several corollaries follow from the above, and these have 
considerable practical bearing on tlie method of making the 
mixture. 

If a larger amount of lime is used than is required to satisfy 
the immediate chemical changes whicli take place, the more 
slowly will the fungicidal action of the Bordeaux mixture ap- 
pear. In wet seasons this is an advantage, since the mixture 
will retain its efticieiicy longer, and less injury will be done. 
The disadvantages of using much lime are very easily realized 
by all who have applied the mixture. Tlie machinery is apt 
to be clogged, and tlie liquid becomes more ditlicult to liandle 
and to apply uiiiformly. The particles of lime probably also 
offer more resisting surface to rain in heavy showers, and more 
of the material w’ill he washed from the trees. Tlie use of as 
small an amount of lime as possible would therefore appear to 
be desirable, but such is the case only to a limited extent. 

Tlie use of tlie ferrocyanide of potassium test, or Patrigeon’s 
method, has already been mentioned on page 4li. This test 
shows exactly liow much lime is necessary to satisfy all imme- 
diate chemical cliangcs, and it serve.s, tlierefore, as an index of 
the minimum amount required. The Bordeaux mixture so 
prepared is of an intense bine, and, lus more commonly made, 
the amount of sediment is comparatively small. When applied 
to plants it is easily handled, and is in this respect the most 
satisfactory preparation. Its fungicidal action probably begins 
as soon as the application is made, and tlie co[)per is more ener- 
getic than when it is in the presence of considerable quantities of 

^ For more detailed accounts of the cheiiiistry of tioideanx mixture consult the 
work of Chester and of Sosto^^nl, An abstract of SustcKni’s article is in Corne/l 
Agric, E-fp. S^n, IsW, lJull, 4S. Fairnliild lias uritteii an exhaustive article on 
this funi^ncide, which was imblished as iiiiil, 6 of tlie Division of Ve^'eUible ratlud- 
ogy, U, S. Dejmrtment of AjjTieiiiture, and entitled “ Bordeaux Mixture ns a Fungi- 
eide.” 
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lime. The adhesive properties are perhaps greater than those 
of any of the other mixtures of this nature, and there are thus 
several features which recommend tlie method for general use. 
But the season of 1891 showed that tlic preparation is not a very 
safe one to use except in dry seasons, or in regions where the 
rainfall and dew are but slight. In the pre.sence of much water, 
tlie mixture will injure both foliage and fruit, whatever may be 
the compound doing the mischief, and for this reason when so 
prepared it cannot be unqualifiedly recommended. In some sea- 
sons it may be used with impunity, while in others it may cause 
a loss which will more than overbalance any advantage derived. 
The ferrocyanide of potassium test is of great value in deter- 
mining how much lime is actually required, and in this manner 
it may serve as a check when the ingredients are not weighed, 
and then this neutral condition may be taken as a starting-point 
for the addition of more lime. 

Ill making the Bordeaux mixture by the aid of the ferrocya- 
nide of potassium test, certain points must he borne in mind in 
dissolving the copper sulphate, (See, also, Copper Sulphate.) 
A definite proportion sliould exist between the amount of the 
salt used and the water in iihicli it is dissolved. This is 
necessary so that the amount of the copper compound in a 
given amount of water may be known. The more common 
method is to dissolve either 1 or 2 pounds of copper sulphate 
in 1 gallon of water. Any desired amount can then easily be 
obtained by first stirring the stock solution lliuroughlv, and 
then taking out the quantity which holds the desired amount. 
The milk of lime is then added to the diluted solution until a 
few drops of the dissolved ferrocyanide of potassium (which 
see) give no brown discoloration when added to the mixture. 
A better way of using the test, however, is to add some of the 
mixtuL'e to a few drops of the solution, the latter being held in 
a butter dish or other article of 'white porcelain. This will 
show the presence of the red precipitate when it cannot be 
detected by the old method of adding tiie test solution to the 
mixture. It is probable tliat much of the injury which fol- 
lowed the use of the Bordeaux mixture in 1894 was caused by 
an iusufficieut amount of lime having been used, tiiis being due 
to the fact that the ferrocyanide of potassium test did not show 
plainly the time condition of the preparation. A person ex- 

K 
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pei'ieucod in making tlie nilxtui'e can tell by its color when 
sufficient lime lias been uibled, but be cannot always- tell liow 
much to add in excess of the amount demanded by the test. 
For this reason it is safer to use a definite formula, jirovided 
the materials are fairly pure, since then tliere is less cliance of 
a mistake; this applies especially to beginners. 

Another lest sometimes employed is to insert into the mix- 
ture a polished iron surface. Tf an insufficient amount of lime 
is present, so that some copper still remains in solution, the iron 
will become coated with this metal. The test is said to be very 
delicate. 

It is probably true that, as a ride, each extreme should be 
avoided. The formulas at iireseut in use in America may be 
divided into two classes. — those in whicli the ingredients are 
weighed, and those in ^Yllicll the ferrocyanide of potassium test 
is used. Among the former we have the following: 

The SiawhmJ,'’ or 3.1) per cent BoytJeniix Mixture, 


Copper sulphate 0 pounds. 

Quicklinn.' 4 “ 

^Vater ^iullons. 


This formula was at first extensively used, but it was found 
that a more dilute mixture would answer (lie purpose equallv 
well, .so it iius been abajidoned for the mixture whicli may now 
be termed 

The ''' NoruK ftp ay l.fi per cent Boi'tlenux }fidure. 


Ci>pper sulphate G p<»unds. 

Quicklime 4 “ 

Water 45 gallons. 


Tills formula, or one in whicli tiie amount of water varies 
from 40 to 50 gallons, may now be considered the most jiopular 
in America. Sixty gallons of water should be useil when 
.spraying peaches. If air-slaked lime is used in ])lace of the 
fresh article, the amount sin mid be doidded, and evmi then its 
use cannot be recommemha], sinei*- too llllle is yet known re- 
garding the coiiijiosit ion and action of the mixlni'e jU’ejKired 
in this manner. ]>y a 3J) per cent Bordeaux mixlun^ is meant 
one in wliich the weiglit of tlie eupper sulpliate is equal to -‘bt) 
per cent of the weight of tiie water, considering 1 gallon to 
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wftigli 8.345 pounds. For the same reason the normal mixture 
may be termed a 1.6 percent Bordeaux, as the 6 pounds form such 
a percentage of the weight of the water. This method of desig- 
nating the various mixtures is the one generally adopted in 
Europe, and it is convenient here for pui'poses of comparison. 

Occasionally the recommendation is made to add 1 quart of 
molasses to the above mixture in order to increase its adhesive 
propcrtie.s. A.s a matter of fact, the addition is rarely made, 
and is scarcely necessary, since the mixture, even when used 
alone, is one of the most adiiesive of fungicides. The addition 
of from 1 to 2 pounds of soap has been made for the same 
purpose, and also to make tlie mixture spread more evenly. 
Tlie value of the mixture is slightly increased by such additions ; 
nevertheless, they are scarcely necessary. 

Ill Italy the milk of lime is not used in making the Bordeaux 
mixture, but in its place lime water, which is a saturated solu- 
tion, is added to the copper sulphate solution. This make.? a 
very dilute mixture, as the following formula of Cavazza sho\v.s. 

Cavazza’s Boracaux mixture (Italian) : 

Copper siil]ihatr^ 720 grams. 

Lime water 100 liters. 

This is a neutral mixture which contains about .072 per cent 
of copper sulphate. It is very highly recommended in Italy, 
and Trofessov Cavazza writes me that lie lias used the mixture 
so prepared, since 1880, for controlling fungous disea.ses of the 
grape as well as tliosr^ of the peach, and in general it is there 
used in preference to other formulas. The French, however, 
use a mixture having from 1 to 2 per cent of copper sulphate, 
the milk of lime being preferred to a saturated solution. 

IVlieii the Bordeaux mixture i.s made according to a certain 
formula, a few points must be ob.se rved winch it is unnecessary 
to notice when the ferrocyanide of potassium test is used. The 
directions given above call for 1 to 2 pounds of copper sulphate 
to each gallon of water, tlie smaller amount being preferable. 
This solution should be diluted one-half before the lime is added. 
If too little water is present when the two ingredients are brought 
together, the mixture thickens up like sour milk, and it must 
be thoroughly stirred to change it to a more liquid form. Such 
concentrated mixtures are not, on the whole, the best to make, 
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as in my experience the sediment is more coarse than when a 
larger amount of \yater allows of a move free intermingling of 
the two ingredients. Two gallons of water to every pound of 
copper sulphate is a safe proportion, and the use of still more 
water might be of benefit. All immediate chemical action has 
largely ceased a few minutes after the lime and the copper 
sulphate have been brougld together, and the mixture may 
then be diluted as desired, and immediately applied. 

'Die most convenient method of making the mixture is to 
have a stock solution of definite strength, so that any desired 
amount of the sulphate may be taken. This should be diluted 
as already described, and then the milk of lime sliould be added. 
This ingredient may also be prepared in large quantities before 
using; it will keep indefinitely if kept covered with water. 

The .sediment in the Bordeaux mixture remains in suspen- 
sion raucli better during tlie first twenty-four hours after 
the two ingredients are brought togetheu’; in fact, it settles 
so .slowly that an agitator is scarcely necessary during this 
period. Hut after a day or two. probably on account of .some 
physical change in the mixture, the sediment rapidly settles, 
rendering the use of an agitator essential for a uniform appli- 
cation. To what extent tliis ch.ange affects the fungicidal 
value of the mixture is not known, ])iit if (‘are is exerei.sed in 
keeping tlie old mixture well ,stirre«l, it is probable that good 
results will follow. Such, at ]ea.st, has b»‘en the writer’s experi- 
ence with Bordeaux mix t lire which was allowed to stand several 
weeks before it was applied to the apple tree.s wliicii were being 
treated. 

Tf the Bordeaux mixture h,a.s been imperfectly made, or if it 
is not applied wdth proper machinery, it will be found better to 
strain either the lime before it is added to the copper sulphate 
solution, or else the mixture before it is applied, the former 
being perhaps the better plan. The mixture should be kept 
constantly stirred wOien tlie application is made. 

The dried sediment has been used in place of the Ihjuid form, 
but the results were not equally satisfactory. It was found 
that about four times as much material was necessary when tlie 
powder was applied, and, besides, its efficiency was apparently 
less marked. (.See, also, David’s FowDp:ii.) 

Bordeaux mixture is said to posse8.s a certain value as an 
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insecticide, but this action is not sufficiently great that its use 
for this purpose can be recommended. Flea beetles appear to 
be most easily overcome or driven away by this preparation, 
and it is possible that it can be used to advantage for this pur- 
pose when tlie pest causes much damage.^ Uniformly good 
results have not always followed its use for this purpose, how- 
ever. 

Bordeaux Mixture axd Molasses. — Ferret mentions the 
following formula as possessing especial merit : * 


Copper sulphate H pounds. 

Quicklime 4^ " 

Molasses 4j “ 

Water 30 gallons. 


Dissolve the lime in 24 gallons of water. To this add the 
molasses, which has been diluted with 3 gallons of water ; stir 
this well and pour in the copper sulphate, also dissolved in 3 
gallons of water. The precipitate settles slowly, leaving a 
greenish colored liquid above. This color is a proof of the suc- 
cess of the operation. The mixture, even when diluted to 40 or 
50 gallons, may be recommended for trial, although in this 
country it will scarcely prove superior to the preparation com- 
monly employe<l. Sugar has also been used in place of the 
molasses. 

Bordeaux Mixture, Dried. See David’s Powder. 

Buiiach. See Pyretiirum. 

Carbolic Acid; Phenic Acid; Phenol; CgHgO. — Car- 
bolic acid is a powerful poison to the lower forms of life, and 
is very extensively used as an antiseptic. Its value as an in- 
secticide or as a fungicide is, however, comparatively slight, 
and it cannot be recommended for such use. It has been very 
thoroughly tested however, and the following has been fre- 
quently recommended for the destruction of root insects : 

Carbolic acid 1 part. 

Water 50-100 parts. 

^ For furtter details regarding this subject the reader is referred to Jones, Tt. 
AqHc, Exp, Sta. 1S94, Bull. 44, 95 ; Halstcd, X/. Agrk. Exp. Sta. lS95,Ball. 
19T, IS; Lodeinnn, Cornell Agric. Exp. Sta. 1SD5, Bull. 66, 5S, Ann, Kept. Ff. 

Exp, Sta. 1694, 12, 95 it »^eq. 
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Carbolic Acin an’d OLTCERiyE: 

Carbolic acid \ pint. 

Glycerine 1 pound. 

Soap-suds 10 gallons. 

An emulsion should be made of these ingredients. Apply 
against sucking insects. 

Carbolic Acid and Soar. — An emulsion of carbolic acid 
and a soap solution may lie made very readily .lecorditig to tlie 
follovs'ing formula, and the product jmssesses considerable in- 
secticidal value, largely on account of the presence of the soap: 


Carbolic acid 1 pint, 

Soft soap {hard soap \ pimriil) 1 (luart. 

Hot water 2 gallons. 


The soap is first di.ssolved in tlie water, after which the acid 
is added; an emulsion is tlimi produced by thorough agitation. 
It destroys insects by coming in contact with tliein, and m.ay be 
applied as a wasli or in the form of a spray. It .should be used 
upon dormant wood only. 

Carbolic Acid Kmclsion, — The stock solution is pre- 
pared as in the preceding, but should be diluted with thirty 
parts of water before Ijciiig applied to foliage. 

Carrolized Pla-ster. — Carbolic acid is occasionally mixed 
with some dry powder as plaster, air-sl;iked lime, road dust, 
etc., and the two are then applied togetlier. It possesses little 
value, but the recommendation is to ust; : 


Carbolic acid 1 pint. 

Plaster or other powder oO yxmnds. 


Tt is most useful when applied to plmms which .suffer from 
the ciirculio. If it is u.sed with lime, it i.s effective in destroy- 
ing slugs upon all jdants. 

Cakho.vatk of Coi’Cer. See ConrEu Carbonate. 

Carbon Bisulphide; Disulphide oe Carbon; Puma; CS^,. 
— This is a clear, colorless licpiid, highly volatile and inflamma- 
ble. The commercial article lias a powerful and di.sagreeable 
odor. The fumes are poi.sonous to animal life, and in this lies 
the value of the liquid. Its insecticidal pi'0[)erties seem to have 
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been first utilized by F.ouis Day ere, formerly professor of agri- 
culture at the Institute of Versailles. He used the liquid in 
Algiers for preventing insects from injuring .stored wheat, and 
ifc is now eoiiinionly used in this country for similar purpoaesd 
The vapor is heavy and it is better, ^Yhen possible, to apply 
the liquid above the parts to be treated, so that the entire space 
may be more quickly filled. The amount of liquid to use will 
vary with the tightness of tlie receptacle, and the cliaracter of 
the product to he protected. For growdng plants it is not advis- 
able to evaporate more than 20 or 25 minims in a vessel con- 
taining from 2 to 0 ciihic feet of space, this being an equivalent 
of 1 pint of the liquid to altout 1000 cubic feet of .space, or to 1 
toil of grain. If so used, the receptacle should be as nearly air- 
tight as possible. AVhen grain or other seeds are treated, the 
amount can Ite advantageously increased, and much larger quan- 
tities than the above can be used without fear of injury. All 
vermin that live underground can also be successfully extermi- 
nated. Ants’ nests may be destroyed by making a hole in the 
center of the nests, and then pouring in 2 or H teaspoonfuls of 
the. liquid, after which the hole should bo tightly closed with 
earth. Woodchucks and gophers can easily be killed by means 
of this poison; about a gill of the fluid is poured upon rags or 
cotton, and these are then forced into tlie animal’s burrow. 
Tlie opening should (lieu be closed, and the woodchuck will 
caii.sft no more trouble if all tlie holes are similarly treated. 

Subterranean ai^p I i cations for the destruction of insects have 
also been snccessfully made, d’he phylloxera of the grape has 
been so destroyed, and the cabbage root-maggot may be over- 
come in this manner more advantageously than in any other. 
A machine known as tlie 5Ic(lowen bisulphide of carbon in- 
jector ^ \vas invented in 1894 for the purpose of making such 
applications, so the liquid may now" be used quickly and effec- 
tively ill treating underground insects. 

Cauuox Bisulpuidk axd Kkhosknh. — The mixture is pre- 
pared by using 1 part of carbon bisulphide, and from 5 to 20 
parts of kerosene. The two should be thoroughly .stirred before 
being applied. Tlie action is similar to that of the bisulphide 
of carbon, but the mixture is practically out of use. 

* Akhhitr, ISST, Oct. 16. Cited in Ganl. Chron. 1S58, Aug. 2S, 653, 

* Cornell Agria, jSirp. Sto. 1894, Bull. 78. 
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Chloride op Copper. See Copper Chloride, 

Chloride of Iron, See Ikon Chloride. 

Clav. See Washes. 

Coal Tar. — If a few qiiai'ts of coal tar are added to a barrel 
of water, the litjiiid soon becomes so impregnated witii the odor 
that it may be used as a repellent of insects, A strong solution 
of gas tar may be used for a similar purpose, but these applicar 
tions possess comparatively little value. 

Combinations op Insecticides and Fcngicides. — The 
most successful of these combinations is that of the Bordeaux 
mixture and compounds of arsenic. 'I’lie lime in the mixture 
prevents the arsenic from injiti'ing foliage, wliile it does not 
appear to lessen the etticiency of the poison. Bach preparation 
is applied at the same rate as if used alone. 

A combination of the ammoniacal carbonate of copper and 
ail arseuite lias been used with success by some, but .such a 
preparation is frequently veiT injurious to foliage, and it 
should be applied witii caution. The ammonia acts as a 
solvent of the arsenic, and this solution does the damage. 
The addition of lime would tend to reduce the severity of 
the injury, 

The Bordeaux mixture has been used as an agent for emulsi- 
fying kerosene, with apparently sati.'ifactory results.^ Tlie 
preparation siiould be more thoroughly tested before it can 
be recommended. Kerosene omuLsion and Bordeaux mixture 
have been combined, but not with satisfactory results. See 
also Cornell I^Iixtcre. 

When pure kerosene is emulsified witii the Bordeaux mixture, 
the combination aIlow.s the addition of Paris gi'cen, making 
a mixture adapted to destroy nearly all the insect and fungous 
enemies of plant life. Wlieu a mixture of kero.senB enml.sioii 
and the Bordeaux mixture is imule, the arseuite cannot be 
added successfully; for even when tlic emulsion and the ar.sen- 
ite are united, the re.sulting mixture is still un. satisfactory. 

Besin washes and kerosene emulsion, applied together, have 
not yet been sufficiently stmlied and testiMl to determine the 
value of .such mixtures. 

A .simple solution of resin, made as dcscriiied on page lOff, is 

* See Galloway, Insict Life , vU. 126, for an account of tljls and other com* 
blnfttlona. 



Materiah and Formulas, 137 

said to increase the adhesive power of the Bordeaux mixture 
when the two are applied to^'ether. 

The resin preparations and arsenical compounds have been 
successfully united and applied, but such combinations are at 
present little used. 

Comm Acetate; Verdet; Verdigris. — There are sev- 
eral compounds of copper and acetic acid, but the one which 
has been used in spraying is known as the dibasic acetate of 
copper. It possesses only fairly good fungicidal properties, but 
it has been highly recommended for its adhesion to foliage. It 
may he applied at the rate of 2 to 4 ounces in about 25 gallons 
of water. 

Copper Arsenite. See Sheele’s Grkex, page 120. 

Copper Carroxate; Cahroxate of Copper; CuCOg.— 
Chester's method of preparing this chemical Is as follows: 
“ Dissolve ill a barrel 25 pounds of copper sulphate in hot 
water. In another barrel dissolve 30 ])uunds of sal-soda. 
Allow both solutions to cool, then slowly pour the solution of 
sal-soda into the copper sulphate solution, stirring the same. 
Fill the barrel witli wmter and allow the precipitate of copper 
carbonate to settle. Upon the following day siphon off the 
clear supernatant liquid, which contains most of the injurious 
sodium sulphate in solution. Fill the bai'rel again with water, 
and stir the precipitate vigorously into suspension; again allow 
the precipitate to settle, and again on the following day siphon 
off the clear liquid. The operation washes the carbonate free 
of most of tlie sodium sulphate which contaminates it. Make 
a filter of stout muslin, by tacking the same to a square wooden 
frame which will just fit over the open top of the second ban'el, 
letting the muslin hang dowm loosely so as to form a sack; 
through this filter the precipitate, so as to drain off the excess 
of water, and as the filter fills remove the precipitate, and allow 
it to dry in the air, when it is ready for use. The operation 
is not troublesome, and can he carried on in connection with 
other work.'’i The following reactions are at present supposed 
to take place when the two solutions are united:- 12(CiiSO^, 
5 + (XaoCO,5, 10 H.O) = 0 [CuCOa, Cu(OH)2, 

12 i\a 2 S 0 <+ 6 C 03 -fl 68 Iip. 

> liffl. r. 5. C>»(. 403, 

* Del. Agrio, Exp. SUt. Ann. Rept. 1901, 6T, 
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By using the above amounts of niaterialj there will be formed 
a trifle over 12 pounds of tin? rarbonatt? of oo})pei', the selling 
price of wliich is about forty cents a. j-souinl. Wlnni thus made 
at home, the cost is only al>oiit iifteeii cents, wliicli is a great 
saving, especially as the mateibil is nearly cliemically pure. 

Copper carhoiiate is a fine, bluish-green powdei', insoluble in 
water. It dissolves readily in ammonia, foruniig the aninioni- 
acal solution of copper carlmnate, which see. The poM'der 
has often been used tis a fungicide wlien susptmded in water, 
but the results oldained have almost invariably liemi unsatisfae- 
tory. When applied in this manner, however, tlie following 
formula will prove most satisfactory: 


Copper carbonate 1 [>otnid. 

Wafer 40 Kallojis. 


The liquid should Ire agitated frequently to prevent the coje 
per compound from settling to the bottmn. 7'he cost of cojtper 
carbonate varies from thirty-five to sixty rents per poinnl. 

CoPPKR CaRUONATR, AMMnXrAt'AL SoLmtiV ; C'rplfAM. — 
Penny* has made a VfM'vcarefid study of (he best imdliod of 
preparing tliis solution, and the results of his work an? here 
given ill full: 

“The practical directions tlieii are tliese: To 1 volume of 
26^ Beaunie aiiinionia (tlie strong airirnonia tif eommen’e) add 
from 7 to S volnmi's of wati'r. Thou add copper carimnate, 
best in successive (juaiitities, until ;t lai'ge ]>oi'tion remains iiii- 
dissolved. The mixture sliould be vinoi’ously agitated during 
the solution and finally allowed to subside, ami (lie clear liipiid 
poured oft’ from the umlissolved salt. A second junlion shouhl 
then be made by treating tlie residue of tlu' fornuu' lot with 
more ammonia diluti**! as before, then with tin' addititm of 
fresh copper carbonate, in every case with vigoriJiis stirring or 
agitation. This fuethod of niahing iit snccessi\'e lots will result 
in a riclier solution of copper, at least, unless an uiiwarrautiMl 
length of time he taken. 'I'iiis solution may he made in any 
.suitable wooden or stoiicMare \essel. 

“A .still better way is to jdace in a large jar an Inverted 

> The chemistrj' of thi.-* .sohuion has h<'i'ti flioivuitUily freafcU hy C, L, Penny, of 
the Del, Airric. Kxp. Sta. an aoeount of svhich in, ay }«■ foniul In Iliill. 22, 1 have 
also quoted freety from other tiulietlns of the .sattif- sutlon fui tlKtsc subjects. 
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crock, or other suitable shelf, arirl oti this the coi)])er carbonate, 
so that it sliall be at the surface of the ammonia when it is 
poured in. After adding the auunonia, diluted as above, the 
whole should be allowed to stand covered some time, as over 
night, and then tlje an dissolved copper salt may be in great 
part easily lifted out of the solution. Instead of the shelf a 
suitable receptacle may he used, as a fine wire sieve. The jar 
will need nothing but a loose cover, as the loss of ammonia will 
be sliglit at til at degree of dilution, 

“ The clear solution thus obtained, containing from 3 to 4 per 
cent of ammonia gas, must be diluted as described above, in no 
case less than 13 or 15 fold, better, for the safety of the plant, 
20 fold or more. 

“Tho.se direelioiiswdiich recommend so ammonia (what- 
ever it may he) to he used as may he necessary to dissolve the 
copper salt and then to dilute to a given number of gallon.s, are 
nut only not economical, Imt absolutely dangerous, inasmuch as 
it is an uncertainty just how much ammonia may be used in 
the first instance, ami lienee uncertain what strength it may 
liave after dilution, when applied to tlie trees. It should be 
borne in mind always that if strong ainiiionia is used it must 
be diluted from first to last at least 100 fold, and better con- 
siderably more, 

“'I’lie .solubility of copper carbonate in ammonium carbonate 
has been studied hut not yet sufiiciently for report.’' 

After the copper carlioiiate has been dissolved in ammonia 
water, it should be used by tahing' as much of the fluid as con- 
tains 1 ounce of dissolved copper carbonate, and this is then 
diluted witli fi gallons of water. These proportions sliould be 
retained when eitlier larger or .smaller (juaiitities of tlie fungi- 
cide are de.sired. 

The ammoiiiacal solution of copper carbonate possesses some 
decided advantage.s. Tt is a clear solution entirely free from 
sediment, and can therefore be applied as readily as water. 
Another favorable point is that it may be used quite freely 
upon maturing fruit, and also upon flowering plants, without 
leaving any conspicuous stjiin. When cei’tain plants require 
spraying with a fiingici<le shortly hefoi'C the crop is harvested, 
this preparation is an excellent one to use. In efliciency it also 
ranks high, being clearly surpassed in this respect only by the 
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Bordeaux inixtuve. Tt is also cheap, and on the whole is one of 
our most valuable remedies. 

Several detiiiite formulas liave been recoin mended for the 
manufacture of this fungicide, the two following being the best 
known : 


Copper carbonate 3 ounces. 

Ammonia Be.aiime) 1 quart. 


Agitate until the copper is completely dis.solved. Tt will 
keep indehnitely, but should be diluted with 25 gallons of 


water. 

Copper carbonate ounces. 

Ammonia (-b' Beau me) 3 pints. 

'Water 4o gallons. 


The ammonia should be diluted as already described, after 
whicli tiie copper wall dissolve more readily. Sixty gallons of 
water should be used when spraying peaclies. 

Combinations of tbe aiinnoniacaloarlionate of copper and the 
arseuites are said to have been used with success, but my own 
experiments have resulted differently. The combination injured 
foliage to sneli an extent that it was abandoned after repeated 
trials. When I^aris green was added, tin; mixture was par- 
ticularly caustic, since the ammonia undimbtedly caused some 
of the arsenic to enter into solution. l>onduu ]uirple. did not 
make so caustic a mixture, but nevertlmlcss considerable injury 
resulted, ami these combinathms may be considered unsafe. 
The addition of milk of lime, however, obviates the trouble, 
and renders the preparation a safe one. lame to tlie amount of 
two to tliree times tlie bulk of the poison siiould be a<i<led. 

There are several other mixtures wiiicli, in composition, are 
essentially the same !is the solution of copjH'r carbonate in 
ammonia. They are the moditied can celeste, copper ami am- 
monium carbonate mixture, and iloluison’s mixture, Hegard- 
iiig these, Cliester .says, ‘‘For all juactical piirposes, the above 
fungicide.s of this group are on (3 and the same, the essential 
copper salt being, in rutch case, what lor bi'cvity we may call an 
ammonium mpjier rarh()ntit(>., but wliich is in reality a mixture of 
ammonium copper carbonate ((’u(T),j, 2XII.,) and ammonium 
cupric hydroxide [5Cu((>n)^, 4 Xllg, oil/)].” ^ 

^ DiL Agric. Kxp, Sia. hth R(.pi. 1S91, 68. 
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Copper Carbonate and Ammonium Carbonate Mixture. 
— This mixture was proposed by Chester in 1800. He tiiought 
it possible that ammonia might nut bo tiie best solvent of 
copper carbonate and the following forjuula uses ammonium 
carbonate in place of ammonium water. The resulting fun- 
gicide is nearly identical with copper carbonate dissolved in 
ammonia, and the remarks regarding that fungicide also apply, 
in the main, to this preparation : 


Cupper carbonate Bounces. 

Aminoiiium carbonate 1 pound. 

Water 40-45 gallons. 


“By this combination all the copper is completely dissolved- 
To test tlie question, I prepared the above fungicide with the 
exception that 1 took 5 ounces of the copper carbonate in order 
to liave an excess. An analysis si lowed that the 1 pound of 
ammonium carbonate had dissolved 3.11 ounces of the original 
copper carbonate.”^ 

Ammonium carbonate can be bought for fifteen to thirty 
cents per pound. 

Coi’VEBAs. See Iron Sulphate. 

Copper Chloride; CuClo. — The chloride of copper has 
received little attention as a fungicide, although it is a prom- 
ising compound. It contains 4(1.93 per cent of actual cop 
per. When used alone it is very caustic to foliage, a solution 
of IJ ounces in 2r) gallons of water lieing too strong. Twm 
or three times its hulk of lime should be added, when 5 ounces 
to 2o gallons of uater will prove a satisfactory proportion. The 
undissolved crystals must be kept iu tiglitly closed glass vessels, 
as they absorb water rapidly, and arc soon reduced to a liquid 
condition. The chemical is at present too expensive for general 
u.se. 

Copper Soda Mixture. See Copper Carbonate. 

Copper Sodium Hyposulphite ; * Xa^,S^O,j. — This 

material may be prepared as follows : “ Dissolve 8 ounces of siil 
phate of copper in hot water, thendilute \vith cold water, to about 
10 gallons. In another vessel dissolve 1 pound of hyposulphite of 

^('hnstcr, Del. Agric. £rp. Sfer. VA .!?(», Repi. ISSl, 71. 

* For a more complete discussion of this fuB^ncide, see Del. Agric, Exp, S(a 
kih Ann. Repi, 181U, 78. 
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soda in cold water; add the two together; dilute in 25 gallons.” 
The preparation possesses no special fungicidal value. 

Copper Sulpkatk; Si lpuate ok Coppeu; Vitriol; 
Blue Stone ; CuSO^; Ci'SO^ + 5 U/). — This chemical is formed 
by uniting metallic copper and sulphuric acid, the product being 
formed in several ditferent ways, d'lie sul)stanee is deposited 
from solutions in the form of large, blue, traiisjjarent crystals, 
containing 25.4(i per cent of actual copper, and it is in tins 
form that the salt is common ly sold. Granulated copper sul- 
phate is formed hy breaking up the larger crystals; otherwise, 
it is identical with the otlier form. On account of the fine- 
ness of the particles, the mass loses its deep hUn* color, and for 
this reason the granulated form ofters greater temptations for 
adulteration, A pure solution of coj>pei' sulpliute forms a red- 
dish-brown discolnratiim ivith a solution of the ferrocyaniile of 
potassium, and this may he used as a test for the purity of the 
copper compound. 

Copper sulpliate is readily solnhle in cold water, and .slill 
more so in hot water. A solution may h(‘ (juicklv made hy 
hanging the material iu a coarse sack near the surface of the 
water. This is done so that the dissolved portion jiiav settle to 
the bottom as fast as it enters into solution, for iu tins inanuev 
the crystals are continually siiiTounded by clear licjUid, If the 
crystals are placed in tlm liottuiu of tlio vessel, they are soon 
surrounded by ii saturated solution whicli ju'events them from 
being dissolved until the contents of the vessel are stirred so 
that the more clear liijuid may eoine in contact witli the crystals. 

Copper sulpliate should always be dissolved iu wooden or 
earthen vessels. If an iron vessel is used, tlie cii])per will be 
deposited upon the ir<4n, foianing a copper-plat i-d iiortion 
wherever the two come in eon tart. 

A simple solution of cop]>er sulphate slioiild be sparingly 
applied to foliage, for when Llie liquid is siilliciently concen- 
trated to have a decided fungicidal action it caiisr-s so much 
injury to most foliage tliat its use cannot l)e considered safe. 
This compound is more caustic than ,‘<ome other forms of 
copper, but Profi.'ssor Taft rf'cnimnends the use, of a sim[']e 
solution of coigter suljdiato instead of ammonia solulioii of 
copper compounds. He lias sucessfidly applied solutions con- 
taining 1 part of blue vitriol iu lUbO part.s of water to plants 
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whose foliage is not so tender as that of peaches or heaiis. It is 
valued also because it does Tiot stain tlie parts treated^ On 
dormant wood it can be used freely. It is then made of 

Copper snlphiite 1 ponnrl. 

Water lo-'i.! gallons. 

The more dilute solution is for such tender wood as peaches. 
Grain is often soaked in a solution of co[)per sulphate to destroy 
spores of smut. The preparation is then made of 

Copper suliihate 1 pound. 

Water gallons. 

The us (3 of a one-half per cetit .solution has been recom- 
mended for a similar purpose, the seed l>eiug soaked for twelve 
or fifteen hours. 

CoerKR SnmuiATK and Soriuiuinc Acir> Som iuox. — An- 
other, and a rather restricted use of copper siilpliate. is to make 
a saturated solution, ami to this add about 1 percent of com- 
mercial suljduiric aeid. 1'lie jn'epa ration is, of course, itsed 
oulv upon donnaiit wood, and is es[»e(iiallY recommended for 
anthracnose of the grape. 

The price of co)d*er sulphate varies greatly. Tlie granulated 
form may he houglit for four to fifteen cents per pound, and the 
crystals at four to eight cents. 

Coim'p:u SrLPH.vrr: and .Vmmoxu'.m Cakboxatk Mjxiuke. 
— .See Johxson’s Mix i tuk. 

C(H>PKK SuLPHATK, A xEi vjuioi's. — Wlieii coppei' sulphate 
crystals (GuSO^ + o HJ>) are heated, tlu' water of crystallization 
is driven off and only a i>ale bine powder remains (GuSO^-h 
H 11/)). d’his dissolves readily in water, and possesses the prop- 
erties of the original crystals, althougli I lie weight is reduced, 
which leaves a greater proportionate amount of actual copper. 
The iiowder has been a]d*lied wlimi mixed witli sulphur or other 
powders for the prevention of mildew, hut it is now little used. 

Cou.NKi.i. MixTfTJiK. — 'rids preparation cousist.sof a mixture 
of Bordeaux mixture, kerosene emulsion, and an arsenical com- 
pound. Tile combination is mndewitli difliculty, hut success 
may follow if a few jmiiits are oliserved. The Bordeaux mix- 
ture must be exactly neutral, and here the ferrocyanide of 

^American Agric\iUnvi«ty middi« editiou, 1S95, July 20, 84. 
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potassium test is of value. The kerosene emulsion should be 
made according to the Iliibbard-Riley formula, and then be 
poured into the Bordeaux mixture. And finally the arseuite 
may be added. Unfortunately, even if the combination be 
successfully made, the various ingredients appear to lose much 
of their value when so applied, and as yet the preparation 
cannot be generally recommended. ^ 

CouiiosivK SniMMATE. See Mfrcuric Ciii.oiude. 

CrPU.\M. — A term applied to copper carbonate dissolved in 
ammonia, whitdi see. 

C urn 10 Stkahtu, See Suuuiosri’ atitk. 

CuPROSTEATi I'K. — Tliis powdei' closely resembles sulphostea- 
tite in its composition, but 'wiiile the latter contains about 10 per 
cent of copper sulphate, the copper in cuprosleatite is in the 
form of the liydrate, about la per cent of the i)o\vder being of 
this material. On this account the fungicide is s.iid to be 
less caustic to foliage than sulphosteatite. Both powders are 
applicil ill ihe same manner. 

Cyanidk op Botassh m. See IlYimocYAXic (Jas. 

Dalmatian' Tn'skct Powder. See Pykktukum. 

David’s Powder; Dried Bordeaux Mixture. — The old 
formula for iirepariug the powder called for 

Copper siilpliate 4 pnmids. 

Quicklime fii pounds. 

A.s little water as possilde was used for dissolving the sul- 
phate and f(jr slaking the lime; the two were then united and 
the product dried. It was then ground to a powder and ap- 
plied. The ingredients used at present in making the Bordeaux 
mixture can i>e similarly treated. When the drieil mixture is 
used in place of that suspended in w ater, it has been found that 
about four times the amount of the materials is required, and 
the distril)ulioii is on the whole not so satisfactory. The pow- 
der has nev<u' been used to any great extent, and for tlie reasons 
given will probably never l)econic- popular. 

Eau Cklkstk (Audoynaud ju'ocess). 


Copper sulphate 1 pound. 

Hot water 2 gallons. 


1 iiee also Slingerland, ScUnci, xxii. No. K>I, 105. Also, Bailey, Amah Ifort. 
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When the crystals are dissolved and the liquid has cooled, add 


Ammonia (22*^ Beaume') pints. 

Water, to make i'j galiuns. 


This fungicide has a caustic action upon foliage and cannot 
be recommended with safety. According to Professor Chester, 
“the probable reactions taking place in the preparation of the 
eau celeste are : ^ 

^[CuSO^OIip] + 4 NH,HO 

normal rnjij»er sulijhate aimiionia 
water 

= CuS(\, 2 Cu(OH)2 + 2(NHJ2, S 0 , + 15 H, 0 . 

basic co|i])er 
siilpliute 

2 . CUSO4, 2 Cu(OII)2 + 2 (XHJ,, SO, + 8 XHJTO 

In cycess. 

= :i(CiiS04, 4 NH3, H/))^ 9 H^O.” 

aiiimoniiiin copper sulpha te 

Nevertheless, the fungicide is not a safe one to use.^ 

Emulsions. — Of the insecticides which kill by contact there 
are none iiiore effective than those which are composed of emul- 
sion of soap solutions and such penetrating liquids as mineral 
oils, 'riu! kerosene emulsions are the best known and most 
generally nsed. (8ee under Kkkosknk.) Put the following 
lifjuids liave been recommended^ as suitable substitutes for this 
oil. rhe ])erc(‘ntages of tlie amounts to use in the emulsions 
are given for coiiijuirisou : 


Benzine emulsion, rontaiiiing from 0.5 to 2.0 percent. 

Kerosene emulsion, (‘ontaining from 0.510 2.0 i)ereent. 

“Nitro lieiizina" emulsion, eontainiiig from., 0.5 to 0.75 per cent. 
Bisulphide of carbon emiilsiou, coiitiiiniiig from 0.5 to 0.75 [)er cent. 


The general method of procedure for preparing these emul- 
sions is as follows : 

“ Active prhieiplc (oils, etc.) 

Soft soap 

Water of ])rep!i ration 

Water of dilution 

* M. Agrh'. Sin, \th Aitu. Ucpl. Istll, (iS. 

M’errct, in Jour. d'Ag. Prat. 1S‘<7, .Imic 'iS, STS, says ttut ihe precipitate 
fir.stfurin{‘«l when ammonia is aOdcii fo a copper sulphate solution is a hj'drated 
oxide uf copper (oxide de cuivre hydratci. The clear liiiuid contains the sulphate of 
aininonla, which has a tendency to injure foli,ipe. 

“ Ad. Targio III TouetU,“ Most™ di Sostaoze e di Emulsion! Insettlcide,” 1891, 17. 

L 


, 0.5 to 1.0 i»er cent 
, 0.5 to 2.0 percent. 

. 1.0 to 3.0 per cent. 
,90.0 to 97 ,0 per cent.” 
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These ingredients are mixed in a definite order: 

(a) Dissolve the soap in the insecticide. 

(/;) Add this solution to the water of preparation, and agitate. 
(c) The water of dilution may then be added, and the enud- 
.sion again tlioroughlv agitated. 

In America the method followed is to dissolve the soap in the 
“water of preparation,'’ after which the oil is added. This 
mixture is tlien thoroughly agitated, commonly by means of a 
force-pump, until all the oil is einulsilied. If the liouids are 
hot, an emulsion may be produced more easily. 

Fkrkocyamdk ok Totassu'm; Ykklow Putssiatk 
Potash; K^Fk.Cv^;. — The only value this material possesses in 
connection with spraying is to assist in making tlie Bordeaux 
mixture, and to serve :is a test for discovering the presence 
of sulphate of iron. I'he test solution may be made by dis- 
solving the compound in water: 


Ferrncyauide of potassium \ ounce. 

"Water 1 pint. 


The test solution forms a reddish-brown precipitate, or discol- 
oration (the ferrocyanide of copper, Fn^FeCy^.), with a dissolved 
copper salt, Imt a blue precipitate witli an iron salt. See page 

151. 

Fish-oil Soap.— 


Crystal potash lye 1 pound. 

Fish-oil :? pints. 

Soft water 11 gallons. 


Dissolve the lye in tlie water, and when boiling, add the oil, 
and boil for two hours. One pouml of tlie soap may be dissolved 
in 5 to 10 gallons of %vater. 'I'liis is of valm* as an inseulieide 
Flock, — Flour i.s someliiues addtid to li([iiids tu render them 
more adhesive. U may be used at the rati? of 1 i)onnd t<j !0 
or 50 gallon.s of the preparation, Imt such additions are rurelv, 
if ever, advisable. An exce]itioii may l>e made in the case of 
powders, especially those containing tlie arseiiites. IVltli thesi-, 
the addition of flour, at the rate of five to ten times the bulk of 
the poison, may be of service in rendering tlie mixture more ad- 
herent to the foliage. But this condition is of tern followed by 
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serious injury, uudoubterlly due to the fact that the poison is 
not >vasbed off, but remains to burn the foliage. The addition 
of lime to the mixture would probably be beneficial. 

POSTlTE. See Sui.ruOSTEATlTK. 

Fcma. — A form of carbon bisulpbide, which see. 

(Ias Tukatmknt. See Hydkocyanic Acid Gas. 

Gll'k. — Glue is fre(piontly recommended as a valuable addi- 
tion to insecticides and fungicides; it is supposed to increase 
jilwl<"WHiesive pro])erties, and probably does so to a limited ex- 
■ft^t. In general practice its use is unnecesRaryj but in case 
'Vf^»4ds do not adhere to foliage when the application is first 
made, the addition of some chca]) gduc, used at the rate of 1 
pound to oO gallons of liq^nid, may prove of value. 

GlL'K and Akskxites. — 

Common glue 1 pound. 

Paris green 1 ounce. 

Hot water 2 gallons. 

The glue is first dissolved in hot water, after w’hich the 
Paris green is stirred in, tuid the remainder of tlie water added. 
This is said to he of value in protecting trees from borers, but 
the applications may cause serious injury, and the remedy should 
be used cant iously. d'lio mixture may also be used upon foliage, 
in which case dilute with about Id gallons of water, 

Gmsos Liqt'id; Kaij (Jiuson; SuMuiru and Lime Mix- 
TUUE. — For the original formula of this liquid, see page 10. 
It is at present commonly made by using 


Flowers of sulphur pnnnds. 

Quicklime d " 

"Water t> gallons. 


These should be 1 mi led until the amount of liquid is reduced 
to 2 gallons. It should then be allowed to settle, and the clear 
liquid be <lrawn tdT and tightly corked in bottles. Dilute with 
lOb parts of water before using. The preparation is particu- 
larly vaUiahh' iu treating the Luropeaii mildew of the grape, 
and also for use against various mildews which attack plants 
grown mulor glass, See. also. Limk Selphide. 

Gyesine, See Arsenate of I.kad. 
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Hellebore; White Hellebore; European Hellebore; 
Veratrum album. — The roots of this plant and also of 
V emir urn viride, American hellebore, ■when ground into a pow- 
der possess considerable insecticidal value. Thi; powder is of a 
light yellowish-brown color, and possesses an odor which is not 
■vs'holly disagreeable. The active principle of the root, known as 
Jervine, is a very powerful alkaloid. It generally destroy.s 
an insect by being eaten with the food, bub it appears 
probable tliat it also possesst^s a cert:iin value \Yhen il’..;: V: 
comes in contact with the insect's body. Hellebore is nni^i 
less poisonous than the arsenical coinpounds, and it also 
loses its strength when exposed to the air. Fm- tliese reasons it 
should be preferred to the mineral poisons when tlm plants to be 
treated are bearing products wliicli are nearly rea<ly for market, 
as ripening currants, or heading cabbages. If ]woj>eriy applie<i, 
it is very effective in destroying chewing insects, and more tlian 
two applications are rarely necessary. Only the fresh powder 
should be used. It may be applied either in (Iry form or wlmii 
mixed with water. When used in the fnnn of a dry powder, it 
is generally applied pure, but may successfully diluted with 
once or twice its bulk of [»] aster, linuL or Hour, the last causing 
it to adhere more tirmly to tlie foliage. In cases where tlic 
insect does not yield readily to treatment, applications of the 
pure powder may be advisable. The powder should be sifted 
uniform!) upon the foliage. 

When used in water tlie following fornnda may he success- 
fully employed : 


Hellebore (fresh) 1 ounce. 

'Water a gallons. 


Some recommend tiie addition of an ounce of glue to the 
above mixture, or a small ainount of flour, in order to render it 
more adhesive; yet for general praetiei* such additions are 
scarcely necessary, d lie use of one ounce of powdered soapstone 
with llie mixture of hellebore and walor has also Ihmui recom- 
mended a.s possessing es[K.'cial value. Tlie cost of good iiellebore 
varies from twelve to tw(mty-fivy cents per pound. 

Hot Water. See Wai er. 

HYi>R<mYA\[c Acio Has; OCX. — D. W. Cotpiillet was 
the first to .suggest and use this gtus for tlie <lestructioii of scale 
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insects. His cxpeviinents began in September, 1886, in the 
orange grove of .1. W. Wolfskin, of bos Angeles, Cal Its 
use has been followed by such good results that all other gases 
have been abandoned in treating these pests. The gas is pre- 
pared by using 


Cyanide of potassium, GO per cent . . . , , .1 ounce, 

Commercial sulphuric acid 1 Iluid ounce. 

Water '6 “ ounces. 


rviwia^iutn cyanide of 90 per cent has also given excellent 
^\snlts. The water is first placed in an open, glazed vessel, 
^ auu-then the acid is added. When the parts to be treated are 
all covered, the diluted achl is placed under the tent, the cya- 
nide of potassium is dropped in, and the tent immediately 
closed. The gas is exceedingly poisonous, and should not be 
inhaled. The amount formed with the above materials is sufli- 
cient for a coiilined space contiiining bod cubic feet. It is safer 
to use the gas upon dormant trees, and during cool weather or at 
night, since trees are more easily injured during a high tempera- 
ture. The treated parts should remain covered about an hour, 
“Tlie following table, giving height of tree.s and the propor- 
tions of <dieiiiicals and water, will be fonnd suitable for districts 
in the interior or beyond ten inile,s in a direct line from the sea- 
coast : 


Height of Treo 
- - Foet. 

niluiu'ti'r 

Kuii- 

Water — FliiiJ 

OlltlCOii, 

Sulplmric Acid 
— Fluid Ounce?. 

Cyanide of 
Potassium — 
0«nc«s. 

f> 

4 

2 

1 

1 

8 

fl 

4 

2 

2 

10 

8 

G 

3 

3 

12 

in 

10 

5 

5 

12 

u 

14 

7 

7 

14 

H 

IG 

8 

8 

IG 

1(J 

18 

n 

0 

18 

Ki 

20 

10 

10 

20 

It) 

22 

‘1 I 

11 

22 

18 

24 

12 

12 

24 

20 

2G 

u 

13 

2{) 

20 

27 

i;0j 

13i 

;to 

20 

; 28 

14 

14 
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‘‘One would suppose that an [orange] tree having a dense 
foliage would fill up the space within tlie tent and require less 
gas to be effective. But the cold surface of tlie leaves con- 
denses the gas, and funiigators find that a slightly heavier 
charge of chemicals is iieeessarv fur such a tree, and where the 
foliage is scant a less amount than i.s given in the table will 
answer. Some orehardists and funiigators consider that the 
work has not been effective unless some of the leaves or tender 
twigs have been injured. This is not necessary, foy v.) our 
early experiments we have treated tiees and killed the sca^ 
without even injuring the most tender twig or blossom. , /! 
the trees recover very qniekly, even when seriousl}' scorched, a 
slight l)uriiing is no detriment and is evidence that the 'work 
has been effective, except in the ease of ‘black scale’ {Leavi'mm 
OlecF), daring the early summer when the eggs are under the 
females. The proper time to fumigate for this scale is iluring 
the fall or early wintm’, when they are in the larva state.” ^ 

“In order to make the canvas used for fumigation perfectly 
air-tight, to prevent the gas eseai‘ing, tlm tents liave been 
treated with a light coal of boilfal linseed oil. 'I'iie great 
objection to the oil lias l,)epn tliat it had a tendency to stiffen 
the canvas and add considerably to its weight, so a chea}>er 
and more flexible prepaiatioii was sought, 'riu; following 
mixture, used by C’ornmissiomT Scott, of ],us Angeles County, 
[Cal] during tlie ]<ast seeison, made the tents gas-tight and 
left the canvas soft and pliable. 'I'lie chief essential ingredient 
is a supply of common priekly-pear (‘actus ( ( ^puntix Imonni) 

that grows in abundance in tin* southern (‘ounties of the state. 
It is the flat-leaf species, and parti(‘s living in sections to ■which 
it is not indigemnis could liave it smit in boxes. ’^I'o iiiaki' the 
cactus extract, clmp up enough cactus to till a barrel two-thirds 
full, then fill up the barrel w itli rohl water. It should stand 
for twenty-four Itonrs, when it w ill he ready for use. Do not 
prepare more than is requlnul for immeiliale use, oilierwise it 
will -Sour and hecome worthless. Stir well, then strain ten gallons 
of the liquid into another tub or I'arrel ; di.-^solve two pounds ot 
common glue and add to tlie cactus <!xtract, with sntticieiit 
yellow ochre or Venetian red to give it a good bodv. After 
thoroughly mixing the ingredients, it is ready for use. Both 

* Craw, Cadfoniia State M. uf }l„ri. Is54, Unit. CS, IS. 
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sides of the canvas should he painted, and the dressing well 
rubbed into the fiber with a flat paint-brush. If oil is used, 
the canvas should be spread out and thoroughly dried before it 
is rolled up, or it is liable to be destroyed by spontaneous com- 
bustion. When dry tliere is no danger from this.”^ 

Iron Chlouide (probably FERuors Cht.oride, FeC^)- — 
This material has l)eeii successfully used in checking certain 
collce diseases, and its use a[)y)ears to be restricted almost 
entire’’'" ^2 ^his plant. Very dilute solutions were applied, and 
in'se proved to be exceedingly adhesive. The remedy is at 
pr^*- "'it little known. 

Ikon SirniATE; Copperas; Green Vitriol; FeSO^. — 
Copper a.s is formed by the union of sulphuric acid and iron. 
It is a green crystalline substance, and when finely broken up it 
bears a certain resemblance to granulated copper sulphate, and 
as it is much cheaper than the latter, it has been used as a 
means of adulterating the copper salt. Iron sulphate dissolves 
readily in water. The ferroevauide of potassium may be used 
as a means of detecting the presence of this compound. This 
test gives a redilish-hrown precipitate with a concentrated solu- 
tion of copper sulphate, but with a dilute solution it merely 
gives the same color to the liquid, witliout the formation of a 
precipitate. With the .sulphate of iron, the test forms a deep 
blue precipitate, very easily distinguished. If there is any ques- 
tion as to the purity of coiiper sulpliate, this te.st may easily be 
used and the adulteration detected, provided the .sulphate of 
iron has been used as an atlulterant. 

Iron sulphate is of no practical value as an insecticide, and 
its use as a fungicide is very limited. Iron is not nearly so 
efficient in this respect as copper is, so the latter is almost 
invariably preferred except when the plants to be treated are 
dormant. Tlie iron salt may then be used as follows : 

Iron sulphate 4r-8 pounds. 

Valor 1 gallon. 

All parts should be thoroughly treated with this solution; 
hut the value of the operation has, in most cases, still to be 
determined. 

^ Craw, CnUfornia State Bd. of llori. 1S94, Bull. 68, 20. 
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Against anthracnose of the grape the following application 
has shown itself to be of great value, and it is regularly used 
by European vineyardists : 

Water (hot) tOO parts. 

Iron sulphate, as much as the >Yater will dis- 
solve. 

Sulphuric acid 1 ps^rt. 

Great care should be exercised in using this prepjiration, as 
it is exceedingly caustic and will injure machinery, clothes, Ifhd 
nearly everything with which it comes in contact. It is gener- 
ally applieil with a swab made by tying rags abont the end of 
a .stick. Dormant viiies arc uninjured by the treatment. 

Johnson's Mixturk; Coi'enn Splphatk and Ammonitm 
Carbonate Mixture. — hhis prepar.ation is almost identical 
with the modified can celeste, ammonium snlplmte being formed 
bv the reactions in.stead of sodium sulphate. The tonner is 
injurious to foliage, and for tills reasriti the mixture never ha.s 
been used to any extent. It contains dissolved copper carbon- 
ate, as does the ammonia solution of the same compound, and 
that fungicide should be consulted in connection with John- 


son's mixture. 

Copper sulphate 8 ounces. 

Ammon iiuu carbonate 1 pound. 

Dissolve in a pail of warm water and then dilute with 

Water 25 gallons. 

Kerosene; Coai. Oil; (Petroleum). — Kerosene has been 
used to destroy insects almost from tin* time of its first general 


introduction for illuminating purposes. It wa.s originally nsml 
in two ways: first, when ])ure, iu which case it was carefully 
used and applied as riiuch as possilih' only to the insects to he 
destroyed; and second, when mixed with water, generally at 
the rate of 1 gill to 1 or 2 gallons of water. Since tlie oil is 
lighter than water, such mixtures were iin])erfect, and a certain 
amount of skill was requirml to obtain a mixture sufficiently 
uniform to prevent injury to tlic ffdiage. A small hand-syringe 
was the instrument generally employed, hut now special m.y 
ebinery has been devised for the same purpose. Such appb- 
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cations are still made, but to a limited extent. Most plants 
are easily injured by the oil. Coleus, grape, peach, pea, and 
eggplant appear to suffer less than others, raraffine, a closely 
related product, may be used at the rat (3 of a wineglassful to 
a watering-can of \Yater, the mixture being sprayed upon the 
insects. 

Pure kerosene will destroy trees and branches which are sev- 
eral years old if a sufficient aniouiit of the oil Ije applied. The 
bcup^^’^j results of such treatment are open to doubt, and the 
practice can hardly lie advised except in isolated cases, W’hen 
some uiiiisiial danger is feared. Howard has found that the oil 
may be used to advantage iii the destruction of the mosquito. 
The.se breed in stagnant water, such as is commonly found 
in pools, etc., and by the use of 1 ounce of oil to 15 square 
feet of water surface, a film is formed which is very effectual 
in destroying all forms of atjuatic insect life. 

K eho.sk \K AND Mii.K Kmeesions. — Uv euiulsifyiiig kero- 
sene with some other material a very uniform dilution of the 
oil may be obtained, and it may be used of any desired strength. 
Milk has been very extensively used as an emulsifying agent, 
and it possesses particular value in those regions in which it is 
difficult to obtain .soft Wiit«3r, hard water being unsnited to 
assist ill making emulsion when soap is used instead of milk. 

Keroifem and Condemed Milk Kmuhion . — 


Kereseiie 2 gallons. 

Condensed mitk 3 pints. 

Water li “ 


Tt is unnecessary to heat tlie ingi'edients, but they may be 
inixeil ami immediately churned or agitated by means of a 
force-pump until a perfect emulsion is obtained. 

Keromeuf. and Sour Milk Emulsion . — 

Kerosene 2 gallons. 

Sour milk 1 gallon. 

These liquids should be agitated in the saine manner as the 
preceding. The luixlure will soon assume a thick liuttery con- 
sistency, and when the entire mass is in this condition the oil is 
properly eniulsiiied. Hie addition of a little vinegar is said to 
hasten tlie process, especially if the milk is sweet instead of 
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sour. If sweet milk is used, tlie emulsion is not formed so 
readily, but in other respects the two arc ei^naUv valuable. If 
the applications are not to be made iimnedi.itidy, it is better to 
put the concentrated emulsion in air-tight jars until wanted, 
otherwise fermentation will take place, and after a week or 
more the preparation will be of little value. 

Tliese enuilsions should be dilnt»‘d fifteen or twenty times 
w ith water, depending upon the insect to be destroyed and the 
foliage to be treated. 

Kerosene and Soap Kmelsioxs. — Soap is very gener.illy 
preferred to milk for emulsifying kerosene and other oils. 
Hard soap is easily obtained, and is therefore more commonly 
used. \Viia!e-oii soap is said to be the best for tliis ])urpose. 
If soft soap is at hand, it may la* used as well as tlui hard soaps, 
since the actions of the tw'o are practically identical. One quart 
of soft soap is considered to be the eipiivalentof one-fourth pound 
hard soap. 

Cook'it Soft .S'oop Dissolve one quart of soft 

soap in two quarts of boiling water. Remove from the tire, 
and, while still boiling liot, add one pint of kerosene and im- 
mediately agitate with tlie pinnp as descril>ed above. In two 
or three minutes the emulsion will l»e ]terfect. I'liis sliould 
be diluted by adding an equal amount of water, wlien it 
is ready for use. This always einulsities readily with hard or 
soft water; alwavs remains jii'rmanent. for years ewen ; ami i.s 
very easily diluted, even in the crthlest weather, and without 
any heating. In tiiis last respect it lias no e(pial, so far as we 
have experimented. Tlie olijr-otions to it are: ,we cannot 
alwavs procure tlie soft soap, though many farmer.s make it, 
and it is generally to be found in our markets: it occasionally 
injures the foliage, probably owing to the caustic jiroperties of 
the soap. We liave used this freely for years and never .saw' 
any injury till the [cist season, hi case of any .such trouble we 
may use only half the auH»nut of soap — one pint instea<l of one 
quart." 'I'lie emiilsimi should he tliliileil so that about one- 
fifteenth of tlie liqiiitl is kerosene, the amount varying under 
different cireuinstances. 

Conk'm llanl Snap Emidaimt. - “ Dissolve one-fourtli pound of 
hard soap, Ivory, Babhitt, Jaxon, or wbale-oil, etc., in two 
quarts of water, add, as before, one pint of kerosene oil, and 
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pump the mixture hack into itself while hot. This always 
emulsifies at once, and is permanent with hard as well as solt 
water. This is diluted with twice its hidk of water before use. 
The objection to a large amount of water sinks before the fact 
that this secures a sure and permanent emulsion, even though 
diluted with hard water. This also l^ecomes, with certain 
soaps, Iniiipy and stringy when cold, so that it cannot be 
readily diluted with cold water unless first heated. \"et this is 
true with all hard soap emulsions in case of certain soaps. We 
can, liowever, always dilute easily if w e do so at once before the 
emulsion is cold, and we can also do the same either by heating 
an emulsion or dihum t, no matter liow long we wait.” (J^age 81). 

Hubbnrd-Rdey Kerosene Emulsion. — 


Har<l soap ^ pound. 

Kerosene 2 gallons. 

Boiling soft w'ater 1 gallon. 


The soap should first be dissolved in the boiling water, after 
which the kerosene is added, and the two cliuriied for five or ten 
minutes. One essential condition of success in making this 
emulsion is that the litpiids should be as warm as possible. My 
own practice has been to heat the two after the kerosene has 
been added, taking cave that the oil did not catch five. It is 
also necessary that the water be as soft as possible, for if much 
mineral matter is present the emulsion wdll not be permanent, 
and the oil w ill soon separate and rise to tlie surface. With 
very liard water it is almost impossilde to obtain a good emul- 
sion. 

If these eondition.s are all fulfilled, how'ever, this emulsion is 
an excellent one, as tlie aniount of kerosene used is large, and 
in other respects (he prej^aration is easily handled. It slionld 
be diluted with from 4 lo ‘20 parts of water before being ap- 
plied, hard waler lieiiig again avoided. 4Vheu diluted with 4 
parts of water, (he oinnlsion contains about 29 per cent of kero- 
sene ; wlven diluted with 20 parts of w ater it contains nearly 
9 per cent of the oil. 

Kkuosf.nk Kmi’i.sion and Ausknitks. — The attempt has 
frequently been made to obtain a uniform mixture of these two 
materials, but witli only partial success. The results have not 
been satisfactory, and tlie use of such a mixture cannot be ad- 
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vised since the arsenicals and a certain amount of the emulsion 
apt^eur to separate in the form of clots tliat adhere witli surpris- 
ing firmness to the sides of the vessel in which the preparation 
is made, and render its use practically impossihle. 

Kekoskne Emulsion and llALSA^r ok Fik. — The addi- 
tion of two ounces of fir halsam to the lInbhard-Riley emul- 
sion is said to increase its etficiency and also its adhesive 
properties. 

One-half pint of turpentine may be used for the same pur- 
pose. 

Kerosene Emulsion and IIoudeaux Mixtuke. — A mix- 
ture between these two prejcirations may be obtained without 
inueh dilliculty. but tlie fungicide should be made with as little 
lime as possible. For tliis purpo.se, ein[doy the ierrocyanide 
of puta.-^sinm test. Applications of the mixture can scarcely be 
advised, however, since both fungicide and iiisecticiile a}»pear to 
lose a certain degree of tlieir etficiency, since such even distribu- 
tion on tlie foliage cannot be obtained as when the two are 
applied separately. 

Ki:uoSENK-FvuETnni'M Emulsion. — 'riiis emulsion is made 
ill the same manner as tlie pivceding ones, but pure kerosene 
is not used. A ilecnctioii of jiyielhrum is made by filtering 
1 gallon of the oil througli ‘J\ pounds of the jKiwder, and this 
decoction is tlieii treated like pure kerosene. It is little known, 

Eead Ausknatk. See Aksenate ok Lead. 

Lime. — (Quicklime is the most valuable form of tlie metal 
calcium to lie used in s[>ravin g, altliongh I he compound does 
not remain in tliis form. (Quicklime is tiie oxide of ealcium. 
Cat). When water is added to it, there is formed tlie hydrate 
of lime, or calcium liydroxide, Ca(t>II)., or ^Yat»>r-slaked lime, 
as it is more commonly called. hen exposed to air, t[niekli!ne 
sooner or later combines with earlionic acid gas and is thus 
converted into the carbonate of lime, or air-slaktnl lime, CaCt);;; 
this is the same, cheniieally, as limt'stoiie. or chalk. 

The milk of lime is formed by slaking ijuickliine in water. 
It possesses little value wlnm usc*l alone, either for coiiiiiating 
insects or fungi, Init is extensively used to avert the caustic 
action of other {iniparatiuiis. If sjnjiyed upon ]»!anl.s, it may he 
found desiralile to strain out tlie coarser particles lo jirevenfc 
clogging the machinery. Aii-sluked lime lias been used in 
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making the Bordeaiix mixture, but in that case twice as much 
lime should be used as called for by the formulas in which 
quicklivne is mentioned.! 

'I'he action of lime upon foliage has been studied by Cuboni.’! 
When this material was first used by the Italians, their endeavor 
was to cover tlie grape foliage with a thick and uniform layer. 
The work of Cuboni shows that light acts upon the chlorophyll 
under the treated parts in a perfectly normal inamier, for treated 
leaves had a coe the lent of trauspirutiuu of 7 grams per square 
centimeter in one Imur, while iion-treated leaves, under the 
same conditions, had a coelhcieiit of 7.‘2o granrs, a very insig- 
nificant difference'. It would thus appear that no injurious 
influence of thi.s iiature need be feared from applications of 
lime or of the Horde mix mixture. 

Quicklime may be aiqdied alone as follows; 


Lime j-2 i^ecks, 

"Water 40 gallons. 


This formula allows of nincli modification, but the thicker 
the mixture is made the timre ditlicuU it is to apply. Its value 
a.s a fungicide rests largely in the ineehmncal action of the lime; 
it forms a coating over the parts treated, .so tliat the germinating 
8]>ore cannot penetrate to the li'uf tissue. In other respects its 
effect is but .sliglit. 

Air-slaked lime is of greater value as an insecticide w hen used 
dry, than when mixed with water. In tlie dry eoiiditiou, it is 
effective in rh'sfvoying snails, sings, and the larva' of some insects, 
as the clu'rrv slug. It may also be used as a diluent of poison- 
ous powder.s, as hellelxne, arsenites, etc. It causes tlie death of 
angleworms, whetlu'r used tlry or w illi water, and flower pots 
may easily he riil of tliem liv tlie use of this material, a satu- 
rated solution eontaining sutlicient quantities for the purpose. 

Quicklime can he hought for flo cents to ^l.oU per barrel. 

hiMK, Sai.t, .\xi) Srt.mirH Wash. — A mixture similar to 
the following was originally used in California as a sheep-<lip, 
but as fruit trees began to drive out the sheep, the applications 
of the compound were transferred to the trees, and thus it has 
been very generally used, and lias proved to be of value in the 

^ also, Millurilot ft (lay^ui. •/<»()' </ Mj/. Pfal. 1SSS, May It, 69b et 

* Cited by V'Ula, “ Lea M^tulles de la Vigiie,"” lb93, US. 
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orchards as well as on the slieep. It is used against insects and 
fungi. 

Lime (unslaked) 2a-i0 pounds. 

Salt 15 

Sulphur 20 " 

Water 00 gallons. 

To mix the above, take 10 [KUtnds of lime, 20 ponnd.s of sul- 
pluir, and 20 gallons of water. Hoil until the sulphur i.s thor- 
oughly dissolved. Take the reinaiiuler — IT) pounds of lime ami 
15 pounds of salt — slake and a<ld enough of water to make the 
whole ()0 galloits. Strain, and spray on the tree.s when luilk- 
wariu, or somewhat warmer. This can he a]>plied when the 
foliage is ort‘ the tree,- and will liave no injurious etfects ou tin* 
fruit-buds or on the tree itself. 

Li-MF. Sflimiiok; Srumiop: of Limk; C’aS. — 'I'lds sub- 
stance is made by Iwiliug together sulplmr and (piieklime, using 
equal parts of eaeh, until the li»[uid assumes a reddish yellow 
color. Even twice the amount of sulphur may he used with 
tlie above quantity of lime, and an excidleid article will still be 
produced. Lime suljdiide is of a wliit<‘ color, the compound 
being As the boiling is continued, a yellow color appears, 

caused by the formation of the bisulphide of lime, CaS.,. Epon 
pi'olonge<l boiling the yellow is replaced by an oraiige-red, which 
is tlie color of a tliinl compound, the }>entasnlphide of lime, 
CaS.. This i.s particularly rich in sulphur. 'I'lie most popu- 
lar metliod of using lime sulphide is descrihed under (Ihison 
Liqcio, which see. 'I'he coiiqKjuml is not a vmy energetic 
fungichle, but i.s valuable iti treating surface mildews, sucli as 
the oidium of the giaqie. It is alsc^ of value in controlling 
mildew iqioii plants grown \iiider glass, such us the ptaich, eii- 
cuuil)er, ro.se, tdc. With few exccqdion.s, however, tin* (:(){>per 
conq)Oumls are to be proferrerl. 

Linskfd 0[I. Eun.sioN. — Tliis remedy has been recone 
mended by S. '1'. Maynard tor the destriteti{)n of the San ihw; 
scale in.sect, it having ])roved to lie very ellicient in controlling 
various .scale insects found upon cacti, EnglLsli ivy, rose, a}>ple, 
pear, ash, thorn, and willow. 

Hard soap I |xnuid. 

Boiling water, enough to dissolve tlie .soap. 

Linseed oil 1 gallon. 



Materials and Formulas. 


159 


Churn thoroughly until a pasty emulsion is formed. Dilute 
.y^rith from 12 to 21 gallons of water. The remedy has not yet 
been thoroughly tested. 

Livkr of SuniuniR. See Potassium Sulphide. 

Lo^«DOX PuRi'LE. See under Ausf.mte of Lime. 

LvK. — The success following the use of soaps for destroying 
insects has lead to treatments of lye for the same purpose. It 
niav be lused as follows : 


Conoentrateci lye 1 pound. 

Water i! gallons. 


One and one-fourth pounds of potash may be used in place 
of the lye. These solutions are very caustic, and should only 
be used u])on dormant wood. They are especially useful in 
de.stToying scale insects, hut soft-bodied insects may also be 
exterminated by using: 


Concentrated lye 1 pound. 

Water 40 gallons. 


It is well to wash this solution from delicate foliage in the 
course of half an hour, to prevent any injury which might 
follow if tlie insecticide were allowed to remain. 

Lye and Sulphuk Wash. — 


Concentrated lye 1 pound. 

• (Pf)tash U pounds.) 

Sulphur pounds. 

Water 3 gallons. 


This is recom mended for the destruction of scale insects, but 
should he used only uj^on dormant wood. 

Lye axd AVhai.e-oii. Soap Wash. — 


(a) Concentrated lye 1 pound. 

Water I gallon. 

Sulphur U pounds. 

Boil until all the ingredients are di.ssolved, 

(&) Wliule-oil soap U jk)U]u1s. 

Water 54 gallon a. 
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When the soup is dlssolveil, unite solutions («) and (6), and 
boil for a short time. The remedy is jxirticularly valuable in 
treating scale insects just as they liutcli in spring. It is more 
elTective if useil warm, at a temperature of IdO'^ F., taking care 
to reach as many insects as possible. 

Mekctiuc Chlohjde; CoainesivK SL’ni.i>r.\TE; IhiFu. — 
It is made by subliming a mixture of mercuric snlpliate ami 
common salt, the resulting pn)duct being one of the deadliest 
poisons. Kecom men dat ions for its use as an insecticide are 
occasionally advanced, but the poison has such a caustic action 
upon foliage, that it cannot l)e used witli safety. 

It possesses some value as a fuiigichle, liowever, especially m 
preventing scab upon potatoes. For this ])nrpose use : 


Corrosive sublimate 2 mmees. 

"Water 10 gallons. 


Scabby seed potatoes sliould be soaked in this solution for 
about an hour and a half be to re planting. 

Mehcl'kic Chlokjde Wash. — 


Corrosive sublimate 1 ounce. 

Soft soap 10 gallons. 

Alcohol i>r wood s[)iiir 1 [)irit. 


Water, siilKcietit tt) make a .stiff ])aint. 

The corrosive sublimate slioiild first be di.ssolved in tliii .alco- 
hol, and this solutiun then aihh-d to tlie soap. The Wiu^h is 
used upon the ba.ses of apjjle* trees ttj prevent the entrance of 
borers, and for this pur[>o.sii it lias been highly recommended. 

Mixture Xu. .o { of the U. S. My/m/mrut o/.l f/c/cu/Zurc). — 


Amnioriiated cupper sulphate t |>art. 

Atnmoniuiu ('arliouate 1 “ 


Twelve ounces of the mixtun; shmild ]»e rlissolved in 22 
gallon.s of water, wlieti it is ready for imnnvliate use. A more 
concentrated solution, con.sisting of 1 |>ouml to 2i"» gallons of 
water, lias al.'^o beeti recotninendeil. 1 he fiingicidi’ lias not 
been generally adopted, as it frcqiieniiy causes injury tfi foliage. 
Before being disstdved. the mixture simtibl be kept in air-tight 
receptacles, or it.s composition will change. 

Modieikd K.vu Celeste. — 'i’his widl-kiiown fungicide is one 
of the best now in use. In composition it i» practically the 
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same as the ammoniacal solution of copper carbonate, since this 
compound is first foi'iued, and is tlicii dissolved l>y ammonia. 
A solution of sodium sulphate is also present, hut this is scarcely 
objectiotiahlc. '['lie freshly prraupiiated carbonate of copper is 
much more easily dissolved liy ammonia tlian the diy article is, 
and in this resiKict the preparation is superior to the common 
ammoniaeal solution. Hut there is also present a certain amount 
of the .sulphate of soda, yet, if properly diluted, no injury should 
result from this source, iloditied eau celeste is readily prepared 
as follows : 


Copper sulphate 2 pounds. 

Sal- soda 2i “ 


Dissolve these separately witli a small quantity of water and 
slowly unite tliern. )Vhen chemical action has stopped add 


Auininnia, 20^ Beamne 1 quart. 

Or atniJioiiia, 22 Beaume d quarts. 


This concentrated solution should be diluted before an appli- 
cation is made, with from oO to UK) gallons of water, the last 
being pruhably none too niiicli. Tlie fungicide isclieap and effect- 
ive. 'rite jirice of .sal-soda varies from 1^ to 5 cents per pound. 

Moi.as.sks. See Siujak. 

Oir.. — Xone of the oils is used in a pure form, wdth the ex- 
ception of kerosene; a few others are occasionally applied in 
connection with some other substance. 

Oil and Alkali \Vasu. — 

1. Whale-oil U Rallons. 

Sal-soila 2.') pounds. 

Water 2o gallous. 

The sal-so<la is first dissolved in the boiling water, after 
which till* oil is add ml. Apply when cooled to 130®. Use 

during winter for scale insects. 


2. ronccnt rated lye (Ainerican, SO per cent) ... 1 pound. 

Pnta.sli ’. i '* 

Water G gallons. 


In place of the lye. one can use f pound of (Ireeiibank pow- 
dered caustic soda, of 08 per cent; or 1 pound of solid caustic 
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soda, of 76 per cent; or II pounds of solid caustic soda, of 63 
per cent. This is used in tlie same ^vay and for the same pur- 
pose as \o. 1. 

Oregon Wash. — The Oregon wasli is practically the same 
as the California lime, salt, and sulphur wash, witli the excc])- 
tion that sulphate of copper is substituteil for salt. The for- 
mula, as given by Henry K. Dosch, of tiie Oregon State 
Board of Horticulture, is as follows; 

“ Place 100 pounds of sulphur anil 80 pnunds of lime in a 
boiler with 100 gallons of water, and boil slowly until the 
sulphur is dissolved. Dissolve S pounds of sul])hate of copper 
in hot water, add to llO jioiuids of slakcii lime, and mix tlie 
whole togetlier. Wlien ready to spray, take 1 jiomid of tlie 
mixture and :?l gallons of hot wator, for use, applying 

lukewarm: I pound of the mixture to nr lo gallons of water 
for simmer spray. Tlie water in the mixture will boil away, 
leaving a solid ma.ss, wfiich, however, dissolves readily when 
hot water is added for spraying.” 

Pa r ak f I n e. See K e ros e x e. 

Paris Greex. See page liH. 

Patent Insecticioks. — 'I'lie Division of Entomology of the 
Cnited States Department of Agriculture made an exliihit at 
the Columbian Exposition, in of forty-two <litTerent 

patented insecticides; and many more exist. Some po.sses.s 
value, wliile others are po.sitively unsafe to handle. As a rule, 
it is better and cheaper for eacli grower to prepare the in.secti- 
cide.s and also the fungicides wiiicli are to be ap[ilied, since tlieii 
there can be no doubt as to their coiiijmsition. 

Persian [nsect Powoeu. See PvRKTiiurM. 

Pbecihtatku Carbonate of Coitkr. Sec Coiter Car- 
bonate. 

PoDECHARl/s PoW'DEi:. — 


Cop|>er sulphate 45 pounds. 

Water, enough to (lis.solvc, 

Lime, air-slaked “ 

Ashes .W “ 

Flowers of sulphur lio “ 


Thecopjier sulphate solution .should be jioured upon the lime, 
which in turn must be surrounded by the a.slie.s to keep the 
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liquid ■within bounds. After standing twenty-four hours the 
sulphur should he added, and then all the ingredient.? thoroughly 
mixed together. The mixture, when dry, should be passed 
tlirough a .sieve having eight meshes to the inch, when it i.s 
ready to apply. Tt lia.s ))een recommended for various fungous 
di.sea.Hes, but is not mueh used. 

Potash; Potassium. — Various compounds of potash have 
bee] I recommended for the de.st ruction of i insects, but they are 
not always etfective, whether applied at the root or on the 
foliage. 


Kainit 


AYatcr 


flther forni.s may lie used 

ill the .same manner, but foliage is 

frequently injured. 


Potash Soap. — 


Concent rate<l lye 


(Vittiui-seed nil 


Soft water 



Boil tlie lye in water until dissolved, then add the oil and 
boil for t^Yo ho Ill’S, I'eplacing evaporated water with hot w’ater 
from time to time. T.se 1 pound of tliis .soap to 8 or 10 gallons 
of water on lice-infested phints or trees, and wash the trunks 
and braiiclie.s w itli a stiiY hrnsh. 

Po’i'AssirM Sui.i'imji:; St ijuirnET of Potassium; Liver 
f>F Si’i.mint; K,)S. — ’I’lii.s snli:^taiice i.s used when dissolved 
in water at the rate of \ to 1 ounce in 1 gallon of w'ater. The 
solution .soon Iosifs its .strongtli, so should be made only just 
before using. It possesses considerable value in tlie treatment 
of certain fungous diseases, a.s gooseberry mildew, but is not so 
energetic ns tlie copper compounds. Cost, fifteen to twenty-five 
cents per pound. 

Pybetkrum; HriiAru; Dai.matiax Ix.sect Poivdkr; Pkr- 
SiA.v Insect Powokr. — This powder i.s obtained from plants 
of the genus Pvretlinim. It owes its value to tlie presence of 
an oil whicli is exei^edingly poisonous to most insects, but appar- 
ently liarmles.s to the liiglier animals. The oil acts upon the 
insect only wlicn in contact with it, in tlie same manner as 
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kerosene and similar insecticides. The oil is particularly abun- 
dant in the flower-lieads just before they open, and the plant is 
best cut at this time. The stems also are used, aiui they may 
form about one-third of the mass to be ground into powder. 
The oil is very volatile, so the dried plants should not. be exposed 
to the rays of the sun, to a high teinperuture, nor to moisture. 
After being dried, tiiey should be placed in a receptacle which 
can be tightly closed: ami it is iiiiperati\e tliat the powder be so 
treated, else it will quickly lose its strength. 

There are two species of ryrellinini whieli furnish the bulk 
of the commercial articles. P, romm is tlie jdaiit tliat is 
native to the province of Tran.scancasia, and from it is obtained 
the form sold as Persian insect powder. P. nuirmyitr/olium^ 
however, is native to Dalmatia, and Dalmatian insect powder 
is the product derived from this plant. Dnhach is obtained 
from a cultivated form of the same s|>eeies. This plant is the 
one mostly grown in California, arul for tlii.s reasoii Hnhacli is 
the most reliable powder to use. The insecticidal value nf the 
plant does not appear to diminish under cultivation, ami, :is 
Buhach is made in this country, it is more apt to ))e fresh. 
Both species are cultivate<l as ornamental jdauts, and it is prob- 
able that they have equally valual>Ie iiiseelicidal pro[xu tie.s. 

Pyrethrum can )>e used in a great variety of ways, of which 
the following are the most iinpmdant : * 

“ 1. In solutum. — One ounce to gallons of water, 

“2. Drtj, fnthout dihiiiun. — \n tliis form it is excellent for 
thrips and lice on roses and other l)ushes. Apply when the 
bush is wet. L sefnl for aphis on house plants. 

“3. Dry, irith fidullim. — Diluted witlj flour or any light and 
fine powder. The poison may be used in tlie proportion of 1 
part to from 6 to 30 of tlie diluent. 

“4. In fumigntion. — It may be scattered directly upon coals, 
or made into small ball.s by wetting ami moulding with the 
hands, and tlien .set upon coals. This is a desirable way of 
dealing with ino.squitoes ami Hie.s. 

“ 5. In nlcohoi — (1) Put 1 part of pyrethrum (ludiach) and 
4 parts alcohol, by weight, in any tigfit ves.sel. Sliaki? occa- 
sionally, and after edght days filter. Apply witli an atomizer. 
Eicellentfor greenhouse i)e.sts. Tor some plant, s it needs to bo 

* Bailey, " iiortlcultoriat’a Eule-Book,” third edition, 1805, 10, 11. 
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diluted a little. (2) Dissolve aljout 4 ounces of powder in 1 
gill of alcohol, and add 12 gallons of water. 

“d. Decoction , — Whole tlower-heads are treated to boiling 
wat<‘r, and the liquid is covered to prevent evaporation. Boiling 
the liquid destroys its value. 

7. Water extract, — Pour 2 quarts hot water through about 
a half-pound of jiyre thrum, lield in a coarse bag, and then add 
cold water enough to make 2 gallons, and it is well to stir in 
the powder itself. Por aphis and ca))hage worms. It will keep 
hut a few days. Or the extract can be made as follow.s: Make 
a paste of 2 tablespoon fuls of pyretlirum by adding water. 
Stir this into 2 gallons of water, and apply with a tine nozzle. 
1'his is recottimemled for the rose-chafer. 

“ S. Pyrrth'O’keroxme emuhion, — See under Kerosene-Py- 
RETiiurM Kmui.sio.v.” 

'Die cost of pyrethrum varies from twenty to nearly seventy- 
five c<mts pound. 

(^OASsiA, — The wood of Picro'na (or Picrasoin) cxcelsa con- 
tain.s a j>rinciple wliieli is fatal to many insects when brought in 
contact with them. 'Plie wood has an extremely bitter ta.ste, 
am] for tliis reason it has been supposed tljat seeds placed in 
water in wliich the wood had been soaked would be protected 
from birds and vermin. Its value for tliis purpose is, however, 
douldful. t^mvssia wood is generally sold after having been 
cut inlo ** cliijis,” and it is commonly used as follows; 

Quassi.a elii[)S 1 pound. 

Water 8 gallons. 

Boil until reduced to 6 gallons. 

Another formula has been recommended which is probably 
more etfective than tlie preceding: 

Quassia chips 1 pound. 

Water 1 gallon. 

The chip.s are boiled in the water for about fifteen minutes; 
Die liquid sliould then be strained, and to the solution is added 

Soft Hoap i pound. 

When tlioroughly mixed, the liquid is ready for use. This 
insecticide is not very energetic, but possesses a certain value in 
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destroying plant lice. Quassia chips are wortli from six to ten 
cents per pound. 

Qoassia Chips and Whai.k-oil Soap. — 

Quassia clnps - 8 pounds. 

"Wliale-oil soaj> 7 “ 

W.ator 1(X) ^^allolls. 

“Soak the chips twelve Immu's in .S gallons ot’ water, or if liot 
water is used, less time will l)e reipiired. 1 dissolve tlie soap 
by boiling iu sutlicient water to cover it; strain the extracts 
from the quassia and add the two ingredients together. Stir 
tliorouglily and dilute to make 10(1 gallons. 

“This solution is used successl’iilly among the imp growers 
for exterminating hop lice in the large fields. It is not injurious 
to foliage. . . . Foi- some species of aphis [u]a:ui otlicr plants] 
a stronger solution may have to he used, and in such ca.ses dilute 
only to 80 gallons instead of 100.”^ 

QncKi-fMK. See [.imk. 

Kesin Soap. — 

Resin 2 pounds. 

Caustic s<'ila 1 pound. 

Tallow 1 “ 

Dksolve the caustic soda in l! gallons of water. In this, 
dissolve th(i resin ami tallow with inndeiiite lieat, a<lding water 
to make 'J2 pints of In'own, tliick S(jap. I'or nse dilute with 
■14 gallons of water atid a[iply as a spray. It is used as a sum- 
mer was It to destroy insects. 

liEsiN Washes. — Tlie history of these waslies lias betnt dis- 
cu.ssed on page 8.'). 'I'heir action is of two kimls. Some itisect.s 
are killed when tfiese washes come iti contact w itli their liorlies, 
an action similar to that of the kerosem? emidsions. Hut scale 
insects are often so well protected that they cannot he directly 
reached by the applications, d’lm action of tlie n'sin washes is 
then to form a covering over tin* insect so tliat hotli air ami 
moi.stiire w ill he excluded. In this manner the pest is literally 
smothered to death. Tlit'se waslies are particularly valuable in 
destroying scale insects. In the Fast, where such insects are less 
troublesome, kerosene emulsion is more coimnonly recommended, 

r Watihingion State Board of Ihrt, id Biennial Bept. iS93-94, 71. 
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and it may be tliat tiie insects are also more easily treated here. 
But in California and in the South, the resin solutions are very 
highly valued, ns tliey appear to be more efficient than those 
containing kerosene. 

Applications are made to dormant as well as to growing trees- 
In the for 111 er case stronger mixtures are used with success, but 
if used during summer, the same ones might cause much dam- 
age. 'When selecting from the formulas given below, the nature 
of the treatment must be kept in mind, to avoid injuring the 
trees. It is advisable to use a covered iron kettle for boiling the 
ingredients of the insecticides. 


Ke.siri 20 pounds. 

Taiistic soda (70 per cent) 5 

Fish-oil... 2i pints. 

Water to make 100 gallons. 


The first three ingredients should be placed in a large kettle 
and covered with four or five inches of water. Boil for one or 
two Iiours, or imtil tlie liquid ha.s a dark brown color resembling 
coffee. 

Tile use of a 08 per cent granulated caustic soda shortens the 
required time of boiling. In case tliis is used, its amount may 
be reduced to o pounds, and r) pounds of fish-oil should also 
he added. Under sucli circumstances, these ingredients may be 
boiled a moment with Imt 15 gallons of water and a stock solu- 
tion thus ol>taine(l, which may be diluted at will. (The total 
co.st is about five and one-tliird ceiit.s per gallon.) 'fhese two 
formulas are very extensively enqdoyed in tlie work of the United 
States Department of .\grieultnre. 

water is aihletl to the solutions, it should be poured in 
slowly and thoroughly mixed. Dilute as required, in green- 
houses 1-:1, nr l-I. For use in summer. 


Renin 40 pounds. 

Caustic snila percent) 10 “ 

Potash 10 “ 

Tallow 40 “ 

Water to make 50 gallons. 


Dissolve tln‘ .soda and the potasli in about 10 gallons of hot 
water. The resin and the tallow should be heated, and when 
dissolved and thoroughly mixed, pour the two solutions into a 
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barrel holding oO gallons, and stir well, Allow the mixture to 
stand about two hours, when tlio barrel may be slowly filled 
with M'arm water, the contents being eoutiimally stirred as the 
water is added. One pint of the preparation may be used in a 
gallon of warm water. For use in summer. 

Resin 20 pounds. 

Caustic soda 8 “ 

Fish-oil 1 j^alloii. 

Water to make UK) <:alIoiis. 

The caustic soda is first dissolved iu about 1(5 gallons of 
water, after which half of the solution is taken out ami the 
resin adde<i to that remaining in the kettle. When all the 
resin is dissolved, the fish-oil is added to it, and the whole 
thoroughly stirred, after whicli tlie balance of t)ie caustic soda 
solution is added very slowly and boiled for about an liour, or 
until it will readily mix witli water, l^<e an iron kettle. For 
use in summer. 


Besin 17i pounds. 

Soda ((iO per cent) 7 “ 

Fish-oil “ 

Petroleum 2 " 

Water 100 gallons. 


Boil the first three ingredients together for four hours in iO 
gallons of water, after which the petroleum sluJiiM be poured in, 
the whole being well stirred. The 80 gallons of water may then 
be added, and an emulsion made by active agitation. For use 
in summer. 

Resin 8 iKUind.s. 

Caustic swla 1 jMmtjfl. 

Water to make 22 gallons. 

Dissolve the caustic soda in about 1 gallon of water. When 

disvsolved half the .solution is taken out, and tlie resin added to 

the remainder and lx>iled until <lissolved, after wliich the bal- 
ance of the soda solution is added very .slowly. 'I'he mixture i.s 
then boiled over a hot tire, being .stirred almost constantly ; and 
when cooked .sufficiently it will assimilate with cold water like 
milk, which it much resembles. Dilute as above, and apply 
during summer. 
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Simple solution of resin : 


Resin 2 pounds. 

Crystallized sal-scxla 1 pound. 

Water 2 quarts. 


Roil the above until a clear brown solution is obtained. This 
is ati excellent nietliod of obtaining a stock solution of resin. 
It i.s as valiialile as any .soap to increase adhesive properties of 
Bordeaux mixture, and costs much less. 


Kesin 30 pounds. 

Caustic soda (70 per cent) 9 “ 

Fish-oi) pints. 

Water IW gallons. 


Place tlie first tlireo ingredients in an iron kettle and cover 
witii five or six inches of water. Roil for an hour or two, or 
until the litpiid lias a dark luown color, after which the re- 
mainder of the water may be slowly adiled. It is not necessary 
til at all sliould be immediately used, since the liquid may be 
diluted as well later. For winter use. 

Kesin Wasiik.s a.M) Ausexjoals, — Parks green, London 
purple, and even arsetiious acid will mix readily with resin 
cnmpoimd.s especially tliose which con.sist of resin, caustic soda, 
atid water. Tiie j^oison may fljen be used at the same rate as 
in clear water. Ar.senious acid ha.s been used in this manner 
upon orange tiees at tlie rate of 1 pound to 300 gallons of the 
wash. 

Salt; SonirM CuLoninE ; XaCl. — Common salt has very 
freqniMilly been nTom mended as an insecticide, and there is 
nodonlit that it is capable of killing many insects. But its 
effective use re (pi ires siicli .strong solutions that the remedy is 
geiKM'ally wor.se tlian the disease, and for this reason it is rarely 
applied. 

Scukei.e’s (Ik ken. See Aksexjtk of (’oiter. page 120. 

ScnwKl NFC Kin’s (iKEKX. Se'c Park Gnen, page 121. 

SkAWINSKT-S IkOX SrLPHATK A XI) Sl’LlUlUKIC AoiD SOLU- 
Tlox. — 


Iron sulphate 110 pounds. 

Sulphuric acid (&.'F) 14 pints. 

Warm water 20 gallous. 
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Tlie acid should first be poured upon the iron crystals, after 
which tlie water may be added. Tliis preparation is almost 
identical with one already described utuler luov Sl'muiate, 
and it is used for the same purpose. It lias shown itself, in 
the hands of Skawiiiski and otiiecs, to be a very efficient remedy 
against grape anthracnose, being applied exclusively to dormant 
wood, 

Skaw'ixski’s Powoek. — 


Copper sulphate, powdered 22 pounds. 

Alluvial ear til, or soot -'la “ 

Coal-tlust lfi"i “ 


Mix thoroughly and apply in tlie form of a powder. The 
preparation has been suecessfully ap]ilie(l in Euioj'Kt for treat- 
ing grape mildews, but is at present little nsetl. 

Sni'KF.— b'resli smitT is as vahialile as other forms of tobacco 
in destroying insects, ft may !)♦' used dry or as a decoction; 
for the latter use see Tobacco. When di’v it is very servicc- 
ahle ill destroying insects where more energetic measures can- 
not bo taken, as in dwelling-rooins and small conservatories. 
The powder should be blown upon tlie insects. 

Soap. — Probably all .soai)s are of value as insecticides, and 
they were among tlie first remedies used. 'I'liev kill by coming 
ill contact with the insect, destroying it directly, as does kero- 
sene, and probaldy also by closing the Ineathiiig pores, and so 
smothering it. Common soap ina}' lie usimI at the rate of 


Soap 1 [loiiTid, 

Water 5-.S Kalhui.s. 


The projier strength of tlie jireparation varies with the insect 
and the plant to wliicli it is afiplied. For plant lice, the 
weaker solutions are si i flic lent ly strong, Imt for mealv-bug and 
similar pe.sts the more concentrated forms are desiraVde. 

So.'iP and Arshsites. — 


Soap 4 pound.s. 

Paris green or Loudon purple 4 ounces. 

Lime 4 “ 

Water oU gallons. 


Dis.solye the soap in 1 to '1 gallons of hot water, then atid 
the poison and the lime. Dilute just before u.sing. This 
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preparation combi nei? certain properties of those insecticides 
wiiich kill by contact, and those which are first eaten. It 
possesses value for ali insects, but only soft-bodied organisms 
are overcome by the soap. Kerosene emulsion or the resin 
washes are commonly to lie preferred. The lime is added to 
tlie preparation to j)revent injury. 

Soap and FisidOil.— 

Potash lye 1 pound. 

Fisli-oil 3 pints. 

Soft water 3 gallons. 

First dissolve the lye in the winter by boiling, then add the 
oil and boil two liours lojiger. Dilute with 6 to 10 gallons of 
water to every pound of the soap which is formed. The 
mixture is especially valuable for destroying soft-bodied 
insects. 

Soap and Lime Wash.— 


(u) Pota.sli 5 pounds. 

Lard 5 “ 

Boiling water 6 gallons. 

(&) Qnifklinie 1 peck. 

Boiling water 5 gallons. 


When (a) and (/*) have been thoroughly acted upon by the 
hot water, mix the two litpiids. Dilute before using by adding 
gallons of boiling water lo each gallon of the ]nixture. This 
preparation has been recommended for borers, but it is of 
doubtful value, 

Soap and Soi>a Wash. — Add a strong solution of common 
wa.sh soda to soft soap until tlie latter thickens to a thick paint. 
The mixture is of value in destroying bark lice and similar 


in.sects. 

Soap and Tobacco. — 

Soft soap 8 pounds. 

Rain water (warm) 12 gallons. 

Wlien tins lias cooled, add 

Strong tnb.ioco clecoction 1 gallon. 


Tins has been recommended for the destruction of soft-bodied 
insects, and undoubtedly possesses considerable value. 
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Soda and Aloes. — 


Washing soda. 3 pounds. 

Bitter Barbadoes aloes 1 ounce. 


Dissolve the above in hot water, and wlieu cool add 

Water 1 gallon. 

The preparation lia.s been recoin mended for destroying plant 
lice, but in order to be effective the plants must be dipped in 
the mixture, and in half an hour syringed off with clear water. 

Soda and Resin Wash.— 

Sahsoda . . 

Hot water 

Then slowly add 

Resin 4 pounds. 

Hot water 2 pints. 

These should be thoroughly mixed, and before using should 
be diluted with o gallons of water. 

Soda and AViiale-oil Soap Wash. — 

Sal scwla 2.'» |wunds, 

Water 2." gallons. 

Boil until dissolved, wlien 1 { gallon.s of whale oil slioiild be 
added. It is applied only to duriiiaiit wood, and is particularly 
useful in de.stroving .scale insects. A]>plv at a terri[KMatnre of 
Vi\P F. 

Sodium Ar.senate. See Arsenate ok Soda. 

Soda Wash. — 

Wasliiiig soda i IKunid. 

Water 3 gallons. 

Tlie liquid is ready for use a.s sf)on a.s the soda is di.ssolved. 
It has a cau.stic action iqion bdiage, so should bi? used oidy upon 
dormant wood. It i.s .said to be of value against borers and 
scale in.sects. 

Sodium Hypohi’lphite; XA^Sp,j. — Solutions of the hypo 
sulpliite of soda have been very t ho roughly tested in respect to 


3 pounds. 
1 pint. 
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tlieir fungicidal value, but the results have not been so satis- 
factory as with tlie copper com pounds, and therefore the sub- 
stance is but little used. The solution may be prepared by 
dissolving 1 pound in 10 to 20 gallons of water, although tliere 
has been reconiineiided the application of only I ounce in 10 
gallons. Tlje- latter, however, can have but little value. The 
coat of this substance varies from six to fifteen cents per pound. 

Sodium Suliuiide Wash. — 


(«) Whale-oil soap 30 pounds. 

Hut water fiO gallons. 

(6) American concentrated lye 3 pounds. 

.Sulphur 6 “ 

Boiling water 2 gallons. 


JlixtLire (fe) should he very thoroug’hly boiled until it is of a 
dark brown color. Chemically it is the sulphide of soda. 
Solutions (u) and (A) should then be mixed and boiled half an 
hour. Before using, dilute with DO gallons of W'arm Avater. 
The remedy is of value for scab di.seases of oranges. 

iSroAU. — Sugar or molasses is sometimes added to copper 
compound.s to assist in holding a certain amount of the copper 
in solution. It has long been knoAvn that tvlien concentrated 
sol lit i (ms of sugar and copper sulphate are mixed there is pro- 
duced a hlui.sh-white precipitate, known as a sulpho-saccharate 
of copper. It is soluble in water, but when heated the com- 
jkiund is broken up, and the copjter i.s deposited in the form of 
a red j)owd(>r, the protoxide of copper. Hecommendations have 
been made to add molasses at the rate of one-tenth by weight 
of the amount of copj^er sulphate, or onedweiitieth its weight 
of sugar. T'liis renders a [Kir t ion of the copper in tlie Bordeaux 
mixture immediately soluble ; l>ut the advantage of tlie practice 
is doubtful. (See. also, page 50.) The pre.sence of an excess 
of lime in the Bordeaux mixture is essential to the proper 
manufacture of tlie fungicide with tliese materials. 

'I'he following analysis represents approximately the com- 
position of a liigh-grade molasses ; 


Sugar 50 per cent. 

Other organic matter 20 " 

Ash 10 “ 

Water 20 
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A poor quality of molasses has been found to possess 

Sugar 44.00 [kt cent. 

Glucose 1-47 “ 

Asli " 

Water 41.57 “ 

SuLPHATKo SrLparn ; Bi.ioht Powder. — 

Copper sulphate, aiihyilrous 3-8 pounds. 

Flowers of sulplmr 90-100 “ 

;Mix the two materials and aiqdy in the form of a |>ow<ler. 
The mixture w.a.s formerly siip])().sed to possess stroiijr fungicidal 
propiertie.s, but it i.s now little tised. It is of some value in 
treating surface mildews, (lie sulphur probably then being the 
active principle. 

Si'LPiiATE OK Copper. See CoppEii Skephate. 

Sulphate of Iron. See Iko.v Sri.PirATE, 

SuLPElATINE P<tWI>ER, — 


Anhyrlnuis ooi>i)er sulphate 2 iHmiids. 

Flowers of sulphur — 20 “ 

Air-sUiked lime — 2 “ 


The ingredients should )>e thoroughly inixetl, when they may 
be applied. The powder is supposed to be of value as a fungi- 
cide, but is very little u.simI. 

Sulphide of Lime. See Lime SrLtMnt>E. 

SULPHOSTEATITE ; CuPlE rC-S T EA'I ITK ; KoSTITK. — Sul- 
phosteatite is an exce-ediiigly tiiu* blue powder consisting of 
steatite or talc, and containing al.so from 2 to lO per cent of 
copper .sulphate. It i.s olitaitif'd in Knrope, .'iiid was first intro- 
duced into America by ('. II. rfoosten, of New York, in ISPd; 
he changed the iiatiie to “■Fostite” the following year. 'I’he 
copper contained in the posvder is largi-ly soluhh*, and in con- 
sequence foliage is frequently injured by tlm use of the fungi- 
cide. It has fjeen r♦•(>omIMelldef^ as an iiisc(‘ticide, l)iit I have 
failed to derive any biuietii.s fmm its use fur this purpose. It 
i.s not so valuable as otln*)* copjwr eojnp(nimIs, yet it has tin; 
desirable (piality of ludng retnarkabiy a<iliereut to foliage. 

Sulphur; Flowers of Sulphur; S, — Sulfdiur is valuable 
both as an insecticide and as a fnngici<ie. Its u.se for the first 
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purpose is practically coti fined to green bouses and conserva- 
tories, and even tbere only few insects are affected by it. It is 
most rapidly ajtplied by evaporating in a sand bath over an oil 
stove, but extienie care must l)e given that it does not take fire, 
as then it will instantly destroy all the plants. Red spider and 
relabel insects are said to be destroyed i)y the fumes, and treat- 
ment slionld y>e made as soon as tliey arc discovered, or even 
before. Siilphnr may also be evaporated succes-sfolly by plac- 
ing it upon the heating pipes. Tt is well to mix it witli an 
equal amount (ff lime, and then add water to form a thick 
paint, with which the japes may be covered. When applied in 
a dry form directly to the plants, it jiossesse.s little value as an 
insecticide. A moist atmospliei'e in the liouse probably renders 
tilt; fumes more etTective. 

Suljilujr is one of the most valuable fungicides for tlie treat- 
nnmt of snrfaci; mildews, and it has long loeen used for this 
jairjio.'^e. Previous to ISSO, it was almost the only fungicide 
nsfd in Kiirtjpe, and it diil excellent service in controlling the 
Kuropean mildews which attacked the vine and many other 
jilanis, whether grown niider glass or in the o{>en. Out of 
tiotU'-s it was comnioiily aj»|)lie<l in a dry condition, ’oeing blown 
iijioii the jdants by means of haml bellows. Under glass it was 
iisetl ill tliree ways: in the form of powder, when mixed with 
water, and w Inm evapnr.itetl from the heating surfaces. The 
firs! Mietlind was executed in the same manner a.s out-doors. 
WJirn mixed with water both tlie snlpliur and the water assist 
in <lestrt)yiiig many jiests, and it is a common practice to make 
such applications. 'I'lie projKU'tions of tlie two vary greatly, 
[t has been recomniendetl to use I ounce of .sulphur to a gallons 
of wabu', and also as niueh as 1 lamnd to 1 gallon, d'he more 
dilute mixtures an* more iMsily applietl, ami if tiie work is 
thoroiiglil V done, are, on the wdiole. eiinally valuable. The fumes 
of suljdiur for treating iiiihhwvs are obtained asde.scribed above. 
When the p<iwder is used out of doors the value of the remedy 
undoubtedly rests in the fact that tlie sulphur gradually gives 
off fumes on account of the licat of tiie sun, and the mildews 
yiidfl for the s.iiiie nuisoii that (liev do when tlie powder is evap- 
orab‘d under glass. 

One <if the most valuable preparations of sulphur is known as 
Grison’s liquid, wliioh see. 
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Siilplmr generally sells for about three cents a pound whole- 
sale, and ten cents retail. 

Sulphur axd Limk Powdkk. — 


Flowers of sulphur 1 ]tart. 

Air-slaked lime 1 


Mix and apply in form of a po\Yder. 'i'iie mixture is of value 
for surface mildews, but is little used in America. The Kuro- 
pean graj:^ mildew is easily controlled by it. 

Sulphur and Sxukf.— 


Flowers of sulphur 1 pound. 

SootelisnutT 1 “ 

QuickUme 1 “ 

Soft soap 1 <‘- 

I.aiiil)ldaek } “ 


Water, enou^di to make a thin paint. 

Tills formula contains an excellent variety of materials, but 
other and simpler ones are undoubtedly etpially fdfeetive in tlie. 
destruction of jdant lice, for which (he alxive is part ienlarly 
reconiniendeil. It .should be u.si>d only n]V)i) doiunant wood. 

SULPHL'K AND MTl A I. K-o 1 1, SoAl' WaSH. — 

Sulphur I pntuul. 

Boiling water I gallon. 

Boil the sulphur for fifteen ininuto.s. d’o tiiis add 

\Vhale-^>il soap 1 pmind, 

and boil for Hvt> minutes. Allow the mixiure to statul a week, 
and before using. <lis>fdve 1 ]ionnd in a gallon of hot water, 
making the application when the temperature has falleu to 
IdO'. It is supposed to be a rr‘|H‘lleiit of various burrowing 
larvae, as the currant borer, and others. 

SULPHCPvKT <0' l*iH ASSirM. See I'lir VSSMAI Sr t.l’li [ DK. 

SuLPitruK: AriD, See Inov Si /.i-ma i k. 

Tohacco; XtroriAVA 'rAiiA<( M. — d’he active principle 
of tobacco is iiieotine, and this coinponml gives the, ])laiit its 
value as an insecticide. It kills hy cnming in contact witli the 
insects, ami so long a.s this occurs, the metliod of its application 
ia of minor importance. It is most commonly used bjr the 
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destruction of plant other soft-hodied insects 

uuiy also he overcome ]>y the applicatioiis. 1'lie Jiiid-veiiis, 
or •■stems/’ are the parts sold for insecticidal purposes, Tire 
simplest nietliod of usiny’ them in ',q-ee3)lKm,ses is to strew tliem 
under th(! heiiches, makiii^^ tim layer two to four inches thick, 
and remnvinj,^ the stcmis every live or six weeks. Tender plants 
may easily he injured in this Jiiaiiner. Another common prac- 
tice is to hurti tlie stems in the liouses, plaL'iiig them in a sheet- 
iron receptacle liaviiij,^ the form of an enlarged stove-pipe placed 
upon end, and having a })ej'f(ji'ate<l hottoni. I.egs should h^ 
attaelK'*! at the hottcmi to keep the fire fioin the door. Paper 
or shavings may he used for starting the tire, yet tlie stems 
thetn.selves sliould iievm- c<mie to a I daze. l)iit only smolder, so 
that large vuinnies of .Miiuke inay l>e juv^iluced. If the .stems 
are dainjieiied, fla^ opiM'atioii is inore etfeetive. About one- 
lialf pound of the stems to every dUO sipiai'e f(*et of glass is the 
<|iiaiility generally nseil. On account f>f the di-^agrerulde smell 
left in tin* lionse this remedy caiiimt always Im- employed, in 
place of it there may he used .s(‘nii-l)nid (-xtrael.- of tobacco 
which ai'e now iijioti tlie markets. '\\’}ieii evapoi'atcd thc.se arc 
very elliideiit in destroying aphi.'i, and oidy a slight- odor 
remains. 

A decoction of tnhacco stems is conimnnly employed. It 
i.s picjiarcd by .steeping the stems in an amount of water 
suHkdeiif to co\'er them, and vviieu their strcmglh has been well 
drawn <jnt, tin' liipiid is diluted so tliat it has tlie color (>f fairly 
strong tea. It is tlien sprayed upon llie phnits. care being 
taken tliat (lie insects to Ijc destroyed a)'<' readied by the appli- 
catioiKS. 'I'his remedy can lie iisctl successfidly wheiv fumiga- 
tion i.s not advisable, :nid it is dncip ami effi>ctive. 

I*ow(!ered ((jharco or siiiitf may also he nseil with .siu’(.*es.s. 
'I'iie plants to ho fnaited shouhl tirst he sprayed with clear 
water, and tlieii I lie powder may Ite hIo\vii on flumi. 'I'he water 
causes it to adhere, and (he dccoclioii which prtdiahly results 
acts eiHMg'etically in destroying (he pests. 

A tobacco ilecoct ion is I'nMpnmlly employed in place of pun? 
water ill (he prejiaral ion of otliei’ ins(‘ctici<ies. ami (he presence 
of the nicotine renders tlie pre]iar:dion more etlicient. With 
kerosene (miulsiuii. Imwevm', inv experience lias been such that 
its use f(.)r this purpose cannot he advised. 
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VkHATRUM ALBI'M or V. VIRIDJ-:. StM* ilKU.KROHE. 

A^erdet. Seo (.’opRER Acetate 

A^eri>k}ris, 8o(‘ C«>n*Ei{ Ac ktate. 

AVashe:?. — Aljinv washes liave heeii reconiiiuMuIed and used 
fur preventing iiijnrv fiuiii insects and fungi. 'I'lie inajin'ity uf 
them consist largely of soapy materials, and if tlie a})]ilieati()ns 
are aocoin]>anied hy a nil)l)iMg of the alfected parts gur»d results 
^Yill follow, especially in destroying insects. Hut in sneli eases 
the mechanical action is j)er}iat»s ns (dfective as tiie inaterial 
applkal. Clay has been used for eeiitiii ies oii aeeouiit of the 
benefits wliiclj are sn]>pos(‘d to Inoa* followed its use when 
mixed with water. It lias been partienlarly reeoininended as 
an agent for preventing the entrance of borers into trees, and 
has been widely used for this jnirpose. 'I’lie aetn:d value of the 
oi>eralion is proliahly not so great as is freciuently stated, and 
iiiiich profitless lal)or has undoubtedly ])een j^erformed in this 
direction. 

The following forinnla is iiisertei] here ni)t because it ]x)sses.ses 
any marked value, Init ratluM' for the jnu'po.si* of il Inst rating tin? 
varied combinations of dityerent substances wldeb have been 


used for the purpose of rentlin'iiig thesi' washes more efficient. 
This one has bt-eu well rec<niiineniled for [)reveiit ing the en- 
trance of borers into plum and peacli tria-s, and it represents 
but one of a considerabh; class of such remedies: 

Carhulij’. arid 1 (piart. 

Softsoaj) 

Time 4 jHmiel.s. 

^Va^l•r 40 

Clay, enouj,di to make a tliirk w:isli. 


This wash is very adhesive, and on this account has attracted 
attention. 

W.ATKR ; 11,0. — Whiter is as an insectici<le in three 

ditTerent wavs: as a means of drowning tiie iii.sect. as a rneatis 
of foreibiy di.shalgitig and indii-ectly destroying it, and as a 
conveyance for killing it hv means of iieat. The first method 
i.s employed frequently in the cull n re of the cranfieirv. the 
entire bog being Hooded for a certain jK-riod, so that it is im- 
possible for the insects to eseajif?. Knropean vineyardists make 
use of the same expedient in tieating tlieir vities for tiie phyl- 
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loxera, tlio grfjiuul rein dining cov^n'erl with water for several 
weeks (luring tiie winter, when the plants are dormant. It is 
only ill exc(^ptionaI cases that water can he used in thi.s manner 
to advantage, 

Tlio jiraetice of dislodging insects hy means of a stream of 
water forcibly ajiplierl is confined almost wholly to florists. 
1*1 ants grown under glass may easily he kept clean in this man- 
ner, ]irovid(‘d the Mater may he used freely; it is one of the 
liest iviiKMlies for inealy-hiigs and similar jicsts. Tlie presence 
Ilf red sjiider upon greenlioiise plants is principally due to a dry 
atmosplun'e, and no good gardmier need he Irouhled by this 
insect, uiih'ss some very good reason exists ivliy the plants 
sliouhl not he syringed or sprayed. A moist atmosphere will 
also cli(ick the growth of certain fungi, hut as a rule such condi- 
tions favor tlieir development. 

‘rile value of liot watfU' in (h^'itroyiug insect life has long been 
known. If an Insect he treated M'itli water having a tempera- 
ture of lA, it will sticcumh almost imnnaliately, and 

no ill jury (o the plant will result. Hose chafers M ill yield 
readily to this (reatniont, hut givat dillieulty is experienced 
ill Miaiiitaiuiog the ju'oper tenijicratnre. A spray is cooled 
instantly, and when a solid stream is used tlie operation is 
.slow and dilliciilt. For this reason the remedy is little used. 

('old water, that liavinga tem]M‘rat nre little above freezing, has 
been r(*coiiiiiiend(al against soft-boilied inserts, as the cabbage 
Morm. hut .sitisfaetory n'siilts rarely follow such a})plications. 

WifAi.K-oii. SoA I’. - - d’lie value of this soap for destroying 
insects was discovereil many years ago. (See page It.) The 
(lil from which the soap is made is jirohaldy the active prin- 
ciple. The dissolved soap has jiroved itself to be of particu- 
lar value in destroying scale insia'fs when used at the rate of 
1 poiiiid in ahinit 5 gallons of water. Abmly-hiigs may also be 
ilestmyeil hvsueh a solution, hill care niiist he taken to see that 
th(* insects arc wet hy tin* li<piid, Hlant lice an* easily killed 
will) miicli weaker solnlions. using bt gallons to the pound. 

Wlialc-oil soap may also he highly recommended for use in 
pn'jiaring emulsions of flic various oils, since the union of two 
good insecticidi’s caiuiol fail to make the mixture more elfect- 
iv(’ Ilian is either sulistanec alone. Tin* soap varies in price 
from eiglit to twenty cents p>er pound. 



180 


The /Spraying of Plants. 


Whale-oil Soapano Selphide oe ToTAsn ^YASIr. — The 
following foriuuliis for ii siiiniiun' \v:tsli been reconiinended 
by the Ilortioultural C'onnnissioncrs of Sutler County, Cal.: 


' Whale-oil soiip (W \>ei' cent slreiitjtli) itO pounds, 

Sulplinr d “ 

Caustic soda (iVS ])er eetit streuirtli) 1 [Kiund, 

Comiiiereial potash 1 “ 

\\'ater lo make KH) <;alhins. 


‘‘Place the sulphur, catistic soda, and potash together iu <ahout 
gallons of Avater and hoii for at least an hour, or until 
thorougitly dissolved. Dissolve the soa[> iu the water by boil- 
ing; mix the two and boil tlieiit for a short time; use at DhDF. 
in the vesstd. 

“Professor Hilgard n-eomiufiids, in bad easr-s of scale and iu 
fighting red s|uder. ati addition of kerostMie in the form of an 
emulsion, to the abn\i‘ wash; 


Kt’fi isem* 1 gallon, 

liah'Hijl soaj; } jiolUid. 

■Watt'r i gallon. 


“ Di^^olvo tlie xiap in tin- watiU' and Avhoii btulitig InU add tin* 
kerosetio. Churn th'* luixturo for five or ten niinnles witli a 
hand spr.ay-pinnji utiiil it. fnnus an eimilsinn, [f tin* emulsion 
is }ierfeef if Will lie of a meniiiy nature, hd nil appearing on tin* 
surl'aee. Add thi^ to the )nt) gallons of spraying material. 

•’'I’lie sulphide of piUasli ainl thi“ keroso!jiM.'iiiidsion are ofti*n 
made up in large tpiaiititie^, and tin* j'roper anioiinl is added to 
the wtjaleH>il >ini[j a-- laapiiied. Keep this \sasli well stirred 
when using. 

"it is very importaut that tlie \\)ia!e-oiI soap should he at 
least <''0 j)er cent -treugfli. 'I'u test the .■^o;^[^ .spread live oi’ ten 
ounces of it on a tin jdate counlerpoiM'd on a pair of upright 
scales reading to oniM'**-,, and tiinn dry the whole liy setting it 
on top id* a pot «>f bipiling water. 'I'lie hpss in tirying will ituli- 
cate the auiouiit of A\ater in the .^fpap. 'riiiis. if tivt* ounces 
Were taken ami ppue piunep! was lo>l. in drying, the simp would be 
of 'S) per ecfit .-tto'iigf )i.” 

UjiriK, Hfli.eiuiue. Si i’ ilrij.KisoiEi:. 

Vki.i.ow Pki -siatk Oh I’oiAsji. S*‘e PKitnocvA.vini', ok 
Poi Assir M. 



CHAPTER V. 

SPRAYIXG DEVICES AXD MACHIXERY. 


Tiiic flevelopiiK'ut of sjiravins niacliiiierv received an impetus 
alxml Hie .same time that tlii^ injury of insects ami began 
pi tlin-afen ami destroy so many of our cultivated plants. For 
a long term of ^■ears ve)*v little bad been 


dmie towanls de\'eloping ajit)aratns of tins 
cliarucler, and many crude contrivances 
weia* iis<'d, 'rite earlv bistory of tin* in- 
dustry reveals many apjiliances wlncb are 
no longer in nsi*. tin* iiam(*s evf'ii In'ing 
mnirly as obsolete as the machines. 

r. JltSToiIV OK SvniXOKS AW) pK^n*S. 

"I'lie simplest device for making liipnd 
a]i]dicat i(His jo the steins and foliage of 
plants was jirobably a whisk of lieatb. 
s( raw, or some similar maleriah the sttniis 
Were tied in .small bumlh's, Hie part ;Lbo\e 
the lie si'iving for a handle {Fig. 1). 
Ih'ooms ■were also used for the same pur- 
p(tse. The li([uid was applied by lirsl ilip- 
piiig tliis crude bruslMir brnoiii iido it. and 



ilieii tlii'owing upon lh(> plant what ad- Ki.,, i, Hi-ntlMvhiA*, 

lien'd to the lirnsh. A fairly good ajiplica- dc iii>t li.-vi.v usid 

tion can l.e made in (his manner. alHion-h 

ihe pntcess is a ledtoits one. Ihts deviee 

was. lawertheless. used as late as jn France for the purpose 


of applying mi\(nres compoM'd of Hie snlphale of cuppi*r and 
lime. It is prolmble that (he densi(y(tf tliis preparation pre^ 

m 
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vented it from being' applied by means of otlier devices then 
known. Since brooms were used in apply iiig liquids uiul semi- 
liquids to plants even less than twelve years ago. it is not im- 
possible tliat in certain sections the practice may still be in 
vogue. For many plants it is surely nmeli better to use a device 
of this character than it is to make no apjdicatioii, for iow- 
growing plants can be fairly well treated, :ind they sliould be 
lienetited nearly as much as if mure 
costly machinery were used. Tlie 
character of many crops grown 
during the past few seasons imli- 
cates that plants will re[)ay treat- 
ment whatever be the nature of tlie 
method followed. An improve<l 
hi'iish is shown in Fig. *J. 'Flie 
llipiid, wliieli was carried in a tank 
(111 the hack {)f the ojM'rator, entered 
the liollow handle throngh a tube 
eoiinected with the iMittoni of the 
tank. The Mnid then ran along 
the fibers of the broom, and was 
thrown from the e\hemities. The 
Hat broom was attached to a broad 
piece of oiIf'h»tli. which assistial in 
making a uiiirmni apjilieatinn. A 
>topei)ck was inserted in the handle, 
so that the liijiiid could he shut otf 
wlieii desired, d'his d(W'iee was 
used in France for applying the 
t’l'., All ihiiiriiv.-,] hiu.ii i„i' Ihii'deanx mixture. 
di,tril,utins l!„nl™„, 

ture, . 

first contrivances made for ajiplv- 

iiig liquids upon plants. Tt.s structure, as a rule, is very simple, 
beitjg coinposeil of uotliing more tliaii a cylimlrii’al reser- 
voir capable of containing t>ne or more gallons id' liquid, 
This device is still in very coiiinion use, esjiecially among 
fiorists. Tlie water or otiuu- liquid is poured out through a 
tube which projects on the outside of the reservoir, and whicli 
.springs from tlie bottom or from near the bollom id' the can. 
These tiihe.s or .sprouts are of varying leiigtli.s and .sliape.s, and 
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arc often jointed; the cans also differ iriiich from each other. 
The water may be broken up into fine drops l>y means of a 
perforate<l disk, or rose, wliicli covers the outer opening of the 
spout, llie size of tJiC drops varying with the size of holes in the 
rose. Wjitering-t.aiis ai-e iise<l advantageously only on very low- 
gro\\ ing plants, as tlie li<piid leavf?s tlic s|)fait Ijy the force of 
gravity, and not by ])i-L!ssure aj.ipliod by the ofierator. Very 
tiiorongli applications can be made by means of these cans, but 
tliey are wasteful of materials. 

Small hand pum])s, coimiionly called s^Tinges, came into use 
at an earl)" day. They wen,- very simple in constrnction, and 
were at first used almost entirely 
for throwing clear water u[>oti 
cultivated ])!ants. Tliey con- 
sisled practically of nothing but 
a tube in wliu'li a piston and 
pisloii'i'tid could play. The water 
was tiii'owii out of the same ori- 
fice tlinmglj which it entered. 

Such a contrivance admitted of 
considerable variation, and se\‘- 
eral styles liave Ikmui desm’ibcd 
in veiy early ]uililications. 

\ more i'om]i!icat(*d form of 
s)ringc iiiclndes those wliicli are 
supplied with valves, g<Miei*ally 
two (big. Ill such syringes 
the li<piid does not Iraivc (lie cyl- 
inder tlirongli tin* saiint orifice 
at which it (‘iitcrcd. bill it jiasscs 
oiil (hroiigh aiiollicr. These orilices arc each supplied with a 
^alve which allows of the fre»‘ j>a.ssag(Mif water in the desired 
din'<’(ioii. but pn‘vcnts its return. The earlier forms of tliese 
.syriiigi's wi'i’c made princj]ial!y by the Ktiglish. and several more 
or less luodifii'd foniis have btam described. The ]>riiicipal ones 
appi’ar in liavc licen Ib'ail’sd Macrlougars.- U iuner's,*^rlolmstoids 
jKirjiihlc garden engine.^ and Siebe's universal garden syringe.^ 



Shim!! IhiihI m t'iiiCi' tiiO'iiijT 
;iti- iiili-l aiiU ifiitlvl m ilii-t'*. 


’ “I.'hhI, Kim’v. Ilf liiipt." !'*>, aai, 
* <iOnf. ,!/(/{/. ^'^ll. v|, 

» Vol. vlil. m. 


* '‘l.oiul, Km'v. ofGani.” ISTS, 547. 

* JUJ, hK\ i'it. 
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ifany other syringes could be iiuMitioued, but the above repre- 
sent the principal ones in use in Kiiglaml us well as in other 
European countries. American ganleners also used tlieni ex- 
tensivedy, and tliis type ol' syringe is still very eoinnionly found, 
although in a ninoli modi lied form. The following syringe is oilc 
of the most popular recently used (Fig. 4) : '• In ajiplying Fari.s 
green or any other solutions to fruit or ornainenlal tree.s, ^Vhit- 
inaii's fountain pump is iiivaluahle. It will throw a stream 
tliirty feet higli, sixty feet horizontally, and works .so easily 
tliat a child five years old can work it. It can also 1>*“ used 
advantageoinsly in watering plants, cleaning carriages and win- 
dows, and might enable one to pi'eveiit much destmcLion in case 
of tire. The pump now retails at seven and one-half dollars." ^ 



f harden engines wiTi^ ilesigm‘<l to tlinov larger ainoiuits of 
than coiild be w*'l! done with hand .-yriiiges, ,and they 
wen- also generally arranged sti that a I'onsideralile ammiiit of 
liquid could he tram-ported from one ]sirt of the grotitids to 
anoflier. .V largt- nnmher of din'-i^-iit kinds were made, hut 
the majority of iliem eon.-hlfd tif a force pnmp fa'lened ii|>on 
a tank. I'lie juimps, tanks, tind the devires for Iranspor'ing t In* 
onftit, differed con>ii|ei’jdtly. All u lU'e de-.igiied lo throw cle.ar 
water, or solutions wliieli coiitaiiied no (‘natse particles. 'I'he, 
nozzles n-ed Were al'O designed t'oi’ the ,'>ame piii'poH'. and were 
verv sinijde in eon^truet Ion. I'ig. d rejii'e-enf.s one of t}»e early 
machines n-^ed in Atneiica. 

'file sjiiMviiig ittipleirtenjs in ii,.-e jii America atid in Europe 
Were mitil recently verv simiL'iia 'I'lie eom]»ai'atively small 
amount of work wliieli had iteen ilone in j'lglding insert , at id 
fmtgrms enemies previous to IssOeuuId l>e ffuriy wi-ll acemm 


» peek, Mn h. r<,in. hT", m 
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plislied witli tlie inaeliiiiftry tlien made, and the demand for 
more etfieieut apparatus was not sulficient to stimulate Invent- 
ors to hitroduee new devices. Jiut increasing necessities soon 
created a demand for improved niachiuery, and this quickly 
brought about the, production of jiew implements wliich were 
adapted to the wants of the horticulturist. 

It is ijiterestiiig to note tliat for about a ccnturv the needs of 
American and Kiirope:m growers were practically the same^aiid 
tfiat the a])paratus used hy the one was also ailopted by the 
other, d'lieu sud<l(mly all cliaiigi‘d. 'Flic Kuru[x?ans, and par- 
ticularly the French, branched off and jnade machinery for 
which there was at first ]io demand in this country, and for which 
fliere is (“Veii ]iom com- 
paratively little. I'he 
Americans, on tln^ jUher 
Itand, m.aniif.'uUiii'ed ma- 
(diinerv tlnil is not used 
t<j anv gri.mt extent in 
Furo[ie, even (o t Ills day. 

It was Itetweeii tin* years 
1S70 and PSSU that the* 

.\nn‘ricaii gnnvers lu- 
gan si-ari'liitig fur juutips 
\^llicll were hetter ,-iiit(-‘d 
to I lieir ])iirpo>e ; hnt it 
was not inilil to 

bsso that tliis demand 
Innl nnl^ll etYect Ujioii Km. — An r.iHv r>nii nfcnMen pnciiie. 
m a n u f a'e t u re rs. In ' 

Fraiicc^iew niacliiiierv was d<‘i)ia|^h'd also between the years 
Is.sOand lS'''."eso it inav indeed he said that the break ing away 
from (dd nn'tlnids after a <'rtitiiry of iiiiiforniity, took place 
siiiinltaiieoiisly in Fram'eand in Amelfica. 

• 'rin* appeai'anee of tlie potato beetle in the eeutral and east- 
ern portions of tin* rni(e<i Slates, between the yi*ars IStltland 
|S7.\ familiarized farmers with the use' of I’aris green, the use 
of this poison proving to bt* tin* essjt-st ami most etlecfiial 
method of dealing with the iusccl. riie poison was n]q'lii‘d 
both in file buiii of powder, and .suspended in water, Hut tlie 
ltd ter nudlmd wtia md so generally adopted, tis diHiculty was 
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experiencetl in making the applioatinn. Tii 187 k Frank ]\I. 
Gray, of Jefferjion. Cook ('oiinly. 111., (o Professor C. V. 
Riley, tlien of l\Iissouri, a sjn-itikho- wliieli was designed to 
spray two rows of potatoes at oiieed Ir consisted of a tank 
lioldiiie about eiLi'ht i^'allons, and was so arranged that it etudd 
be strapped to the l):tek of the operator. 'I'wo lead.s of hose 
were attached at the bottom nf the taidi. At the outer extrem- 
ity of eacli Ijosc ^^■as a noz/lc or sprinkler wliie.h broke tlu? 
liquid up into tiiie droj^s. 'I’lie How was due to the force of 
gravity, and could be shut oif at \^ il[ iiy elajnjvs pluck'd upon 
the liose. This is tl)e hist eas(‘ which ha> emne to iiiy knowl- 
edge of tin* princd[>k* of a kiiajs;u‘k s[)rayer being used in 
combating the pests of cultivated plants. It will be noticed, 
however, tliut no pump was fastened It) tiiis macliini*. S*>V(M‘aI 
devices, resemhling the* above more or le.s>, have ,-.ince been coii- 
•Slrueted, but they havi* not met Mith much favor. 

W. Peck, of ^Vest fiitoe, I’enm, mat[e another machine 
for applying Paris grefui in watt-!'.- lb- also nsi'd a tank si rapped 
to the back, but atmnized the li(|uid by means of a crank which 
operateil a pair of iiclhovs. d'lie nuuddne was alsn jirovided 
with an aiitoinatie agitator wliicli preveitterl th*' pnison from 
settling. 

Tlie first kiiap>ack pumps used in America were iniporteil 
from France, and it was not until bsiui that Americans l)eg:m 
seriouslv to cnn>id**r their matin fact nre. In l‘h'anc4‘. their nst‘ 
is also very recsnit, sitiff', at the ch»>i* of tln^ year flusi^ 

machines wm'e scarcely known. ’I'lie matinfactnre uf fwtt forms 
liad just begun, their stnietiire jiaviiig niitloiil>te<lly been stig- 
gest4-d by the rninlit ions iiiidei- wbicb I be Rnrdeaux mixture 
could b*? tuost tiioroiigliiv applied. One mat'liiiie w;is made bv 
Gaillot. (jf Reaune (Pol 4- (ror),^ It was constructed so tiiat- 
air wa-' forrard, by imauis of an f*xterior pump. int4) 11)4; ]iqni<l 
ut the bottom of tlie tank, atn! th4‘ conlents weia* ktqtl agitateil 
by tlie rising air. dlu* other form was maniifa<-lure<l liy Kat- 
terbacb, also of Reaum; : imf, as it appears to have bemi little 
used, it cannot have been of much value. Four or five diff4;rent 

' Jnit’V, “ ffiUite I’f.sts, " ISTCi, 4fc{. 

* im. fu. 

* RIcaud, Jour. <l' Prai, ISi', Den. ?}, T9.*>; nlso Gallltit, IhUL Issts^ May 
24 , 733 , 
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macbitios exliil^ited at a fair held in ^lontpellier, France, 
durinj^ Fehruarv, IHSM, and u fjjreat iiuiid^er were manufactured 
and sold within the next few years. Hand or harrel pumps 
were rarely used. Flie most jHjpular knapsack pumps now 
made in Knince are the ^]clair, the Vif^ouroux, the Japy, and 
the .Alhrand. 'I'lie first 0) is manufactured by Vermorel, 
Villefranclie (Ithone). It is made without a piston, the liquid 
hein^' })ropi*lled by means of a circular rubber disk B whicli i.s 
fastene<l at tlu' edj^es. 


Imt nm\(^s up and 
down in the center, 
thus fniving on tlie 
liquid contained he- 
t ween the disk and the 
lutf tom of lli(' taidi, t 
Tlie ]ii[ni<l in the reser- 
voir, li, tlows fiiruu^di 
the \alve, A, cntei'inj,^ 
the spare alane the 
disk. W hen the latter 
is bin-ed iijiwai'd hy 
tin* aetidii of the lian- 
die, K\ the fluid is 
bii'ced (hrourli a sec- 
ond valve, F, into a 
second !•(*(•(' [>t a el e, 
which serves as an air 
cii.uiiher, I>. From 
hen> it ]»asses throne'll 
tile orifice, //, and is 
discliarueil at tin* end 



I'lr, C. — 'rik' " Ki'liiir '■ kiiajisaok pump. 


of a lio-e provi<it‘d foi- tlie juirpose. AVhen tlie center of the 
disk is lowered, mori* tinid is fhawn in from the reservoir, and 


in tliis manner the pumping' is performed, 

'I'lie, Vlijournux piiinji contains an air cliamber and pi.ston 
jmmpwilliin the tank. 'I'lie piston is moved hy means of a rod 
wiiieh ascemls thi'oip^h the top of (he tank. and. after turning 
.sharply, dc.scends on tlie outside to helnw (lie tank, wliere it is 
attached to (lie lever which serves as a iiaiidle. Another form, 
one whicli is provided with a second pump for filling the tank 
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witliout ivinoving it fi'oiti the back, is also made hy tlie same 
nianufactuivi', 

'Die dapy pump (Ki^. 7) is very like the precediiiL^, but llie pis- 
ton rod is worked by a lever situated wirliin the tank, the lever 
ill turn beiiii;' moved liy a rod extending' through tin- top of tie* 
reservoir, liotli the cylinder and the air chamber ju'oject below 
tlie tank. For plans of ao iiupi-oved ,Iap\' pump, <lesi^'ned by 
B. 1. (ralloway, .see .ftm/'iifd af Vol. vii. No. 1, 



Fi*. 7. ri.’- ■‘•tajiv '■ kiia|.'a('k Ft.., Tii.. •' A kna|i'-ai-k [Jiitiijt. 

I'ln* Albraml (Fiy. .s), nirmiifart ured by N’allolon, Lyons 
FraiHM*. is proviih-tl uilit ;in air pump situated on oiu* >irl.* tp| 
lie* lank, lu'ar (la* top. .\ir is Ibn-fd into the reservoii-, llu* 
outlet of tin* (’otidiirt iiiLi hdtt- btdii;; lit'ai' fli<* iKjttoiii, thus 
UL^itatiiii,' tiie liipdd. 'i'lie pi't'-rsiii'c ttf tlie air within the tank 
force.s out the Ijtplitl. 

B/r. fialloway, of tin* ld)ilt‘i] States Itepavlmeid of Atirieul- 
ture, was tlie lirst in this conntry tn puldisli ih-lailcd plans for 
the eoh.slrui't ion of kmip-at'k pumps. ^ His n'eommeinhit ions 
liave been followed mom or less elosniy tti tin* pre.sent time, but 


* Jtnininl of )f>jrologtj, Vol. vi, IsW, )il, pj*. 26 arid 01. 



spraying Devices and Machinery, 189 

several minor clianj^es have been made. His pnnip (Fig. 9) 
consists of a knapsack tank carried on the back of tlie 
{jperatoi'. 'I'lie inotip proper is com|)ose(l of a tul)e or cylin- 
der which projects a sliort distance al)ovc tlie top of ilie tank, 
the lower end being near the bottom of the reservoir. "J'he 
piston is moved by means of a handle which ext^nuls forward 
in such a inaiiiier that it can be worked easily by the person 
carrying tlie pump. Xo pressure is brought to liear ipion the air 
above llie liquid, but all necessary force is applied directly to 
tlie liquid by imnuis of the 
working parts of the [nimp, 

Tlie (Jalloway kiia]isack 
.sprayer, a.s the niaclune is 
oonnnoiily called, was (ii'st 
manufactured iiy two firms 
ill Washingloii. A few 
other nianufaefnrei’s almost 
ininiediatidy liegan fin* con- 
striietini) of this elass of 
]tum]'s, blit on aeeoiint of 
the liniiti'd demand, they 
wt*rc not pi'oilnetMl in iicavly 
siieli large (pianlilies as were 
the various hand and liarrel 
jminps. ( )]ie eonqiany - ]>nl 
an eitormoiis air (‘iiaiiilier 
above tlie tank the first \'ear 
it sold the niiirliiiie ; as this 
feature was adveitisial oidy 
oni‘ year it is good evidimee that its use was not advisalde. 
I.ater styles of tiiese pumps liav(‘ varied in tlie sliajx' of the 
tank, ami many desirable features have bemi addeil. Imf tlie gen- 
eral I'laii has ri'inaineil luicliaiigial. 'Fhey an- almost without 
exception made of <‘opper and brass, and eonseqiientlv withstand 
the eornxliiig action wrought hy many of tlie materials a]iplied. 
Hiimsey t'o. lias departed from the tialloway sprayer, and 
now iiianufaetures :\ jmnip in whieli air is foivetl intt) the tank 
by means of u piini[>, an<l this air pressure foree.s out the liquid. 

* Altiinsini ,fc (’<>,; I.citrh A' Sons. 

•Field Furre Fiiinp ('o., I.iK'knort, X.Y. 
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Several French tnaelunes are built in this manner, one of the 
atlvantii_!4'es claimed being that llie outfit is more durable, since 
tile matiM'ials applit'd do m>t come in contaet Mitli tbe working 
parts of the pump. 'Hie (lalloway type, however, is at present 
Miore popular. 

Till' use of Paris green to de- 
stroy the ])]um eiirculio, canker- 
wonn, and the codlin-iiinth, soon 
er.“att‘d a demami for i>unips and 
nozzles which \\’oiild be etYeetive 
in applying sprays to welbgrown 
tre^^s, Several firms soon ]h‘gan 
to supply this demamb J. 
liumsey ^ Co., of SrurTa Falls 
N.Y., had been siip|>lyiiig various 
garden engines as early as 
or even before. Ill Isijn the firm 
advertised a garrleii engine as 
an instrument for *• tin* tiirowing 
of rnpiid eomponiids. 
sttch as whale-oil, soap- 
suds, tobaeeo - w.iter, 
etc., for de.stroying iii- 
Seets oil tl'ee.s, rosi'S, 
and ot her plants.” d'he 
oiitlil eonsi.sfed of a 
tank resting on two 
wheels in front aiul on 
two legs Iwhind ; it 
was moved ahonl as a 

Fj.a \‘K~rhi^ “B.rM.i” karH [iuniK Ww first hcidhaiTiiW is. Ilie 
ferm iaiiy 'li-ikOe-il fur *[ir;o ifitf ]'Um]i had an lUlor* 

nioiis air ehainber, a 
jiarl whi<’li has fortunately been rf'dinsMl in sizi> during later 
years. \ arioiis small liand or Inieket jnuiips were .sold .soon 
after. 

t)u Vov. <i, ^^esst■s. W. aiifl H. Douglas, of Midilletown, 

('oiiu., obtained a patent onagai'deii nr gicenbouse engine, m-:! 
in the same year tlur same eoinpany patented its “Aquarius,” a 
bucket pumit still advertised. 
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It was not until the year 1880 tliat the pump manufacturers 
of this country fully realized the necessity of taking steps 
towards .sn[)i)Iying tlie growing demand for pumps especially 
designed for sjiraviiig purposes, and the next five years showed 
that niany w(;re giving tlie matter serious attejition. Xew firms 
were organized with tlje sj^ecial object of manufactui'ing and 
selling j)iimps and other materials which were in demand by 
tliose who sjjniyed. 

In 1880 Kumsey & Co. offered for sale the ^‘Florida” pump 
(Fig, 10), which seems to have been tlie first barrel pump 
designed esjiecially to meet the re- 
<|nirements of a good sjijayer. d’lie 
firm writes me that “its introduc- 
tion was followed by a demand we 
were unable to suiiply,” 'I'his state- 
ment is enipliasized by tlie fact that 
in l8S:i tlie well-known firm, the 
Field Force FnmpC'o.. of Cockport, 

X.V., was f minded, to supidy the 
demand of local fruit growers for 
a pump wliich wouhl he satisfac- 
tory as a sprayer. The leading 
eiitomologisis of the country were 
urging tlie farmers to spray, and 
these in turn made demands upon 
tin* manufacturers; and thus the 
industry arose. In 1882 tlie latter 
conijiany received a j>ateiit upon its 

and fnren ininii) j-,,. drf™ »mi 

(Fig. 11). Tliis [lump wa.s pro- 
vided witli a three-incli cylinder, 

blit a larger size harl one that was tliiee and one-half inches in 
diametei', A later form wuis made with a two and one-half 
inch cylinder. 

In 1881) another firm, tlie Xixnn Xozzle tk Machine Co., 
came into jirominence. At this time it advertised two garden 
engines, the “Little Ciiant” and a “Barrel Machine”; the 
“Little ('liinax” pump was also catalogued. These macinnes 
were all very powerful, and were made particularly to supply 
the growing demand for spray pumps. 
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Morrill & ]\Iorley, Benton Harbor, Mich., in 1391 introduced a 
pump sliou'u in Fig. 1:*. Tins style is a radical departure from 
older forms. Tlie cyllmler is placed at the bottom of the pump, 
directly in the liquid. Xo stutfing-box is used, and as the pis- 
ton and cylinder are surrounded by the fluid, no priming is 
necessary. These pumps are sim- 
ple, powerful, and durable, and 
jiiany are now in use. 

In recent years many of the 
leading pump manufacturers have 
added spray pumps to their cata- 
logues, and otlier firms have been 
establislied which make a specialty 
of this class. As so many differ- 
e[it men have been engaged in 
the work, it is not .strange that a 
great variety of pumps should 
have been made. Some of tliem 
are excellent, Imt others do not 
answer all requirements so well a.s 
might be <!esii'ed. One form that 
has been little nse<l and which yet 
has some very jiromising features 
is that made by the Heaii-Cham- 
iMU’lin Manufacturing Co., of Hud- 
son, Mich. The firm offers a 
numher of pneumatic pumps which 
ilitbu- radically from the pumj*.s 
sold liy other dealers. Instead of 
using diri'ctly tlie force obtained 
Fk, li, - ntw tv [PC of spray },y jjj,> nioviiig piston, tliis force i.s 
directe<l toward cotiipre.ssing air 
in a reservoir. Fig. Id illustrates the general plan upon whicli 
the.se purnjKS are built. 

'I'he pump [uoper, //, is .situated at tlie right of the large tank 
or reservoir. It is used for forcing iiiiui<ls into the reservoir, <\ 
from l»;low. .Vs the liquid eiiteis the tank the air is corn]»ressed, 
and this allows a large aimjutit of fluid to enter. Most of these 
pumps are made so that they will withstainl 100 poiiml.s of 
pressure, a steam gauge, 6‘, Ixiiiig fa.steiied to the tank of each 




Fro, 14. — The first g-eared s^iray inaclune advertised In America. 
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A^'irious excellent tnachines of this type are now manufac- 
tured by several hr ms. 

Duiinyf the past few years, inuiiy inaebiiies adapted to the 
spraying of potatoes and otlier low-g lowing plants have been 
manufactured. They are of two hinds: Tirst, those in which 
the How of liipiid is produced by gravity; si'coiid, those in wliich 
the ttnid is forced through tlie outlet orifice w ith the aid of a 
pump. Some of the machines helougiiig' to the tirst class break 



F'n;, 15. - Th«; <mtfU jfowfr. 


up the liipiid hy means rjf revolving linisliesd or hy a blast 
of air,* hut tlie majority are niodifications of common .street 
sprinklers. 

’Die second clas.s includes liotli li.'ind ]>um]>s and power 
inacltiiies, and as a rule these are the most .‘^:itista<‘lory. Less 
trouble is ex|rfM'i*‘iiced from clogging, and more uniform appli- 
cations may be made. One of the first machines of thischarac- 
b^r was the ( litnax.” this having l)een sold in 165(0. It was 
manufactured hy 'Dioma,s IVpjder, I lights! own, N.*L, and is 


1 J. K. steiU, Cudahy, Wis. * Sf-Ui K. .saitiin;*, Hy berry, riiiladdjilila, IVim- 
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still upon the market in an improved form. Tn 1895 the Dem- 
ing M'f’g Co., Salem, 0., first made the ‘^Monarch,” a powerful 
maelnne, wliicli is also suitable for vineyard work. 

'riie first .succ(?ssfi]l use of .steam power for spraying was 
made, so far as 1 have been al)!e to learn, by Stephen Hoyt, 
New Canaan, Conn. The outfit (Figs. 15 and 18) w'as first 
operated in and the following year it was again used with 
most satisfactory results.^ Large sharle trees were sprayed 
thoronglily and ra[)i(lly by the outfit. .Mr. Hoyt writes me as 
follows regarding its operation : 



5 


Flii. 1C. — 'I'auk, boilor, and |niin]i of the ovitlit shown in Kif:. Ih. 

“ The machine is made to throw four streams, two of which 
are to work at the same time; two men are to go up the trees 
to tlie crotch ami sju'ay, wliile the other two are either preparing 
t<t go up the m‘xt nr are coming down from tlie two which they 
liave sprayed, 'i'he hose is fixed so as to shut any one of them 
i»tl at any time, and so wlien two of tlie men are through spray* 
iug, the other two can start or keep on a.s they choose. 

“ d’he two streams in t lie picture have a water pressure of from 
T25 to l.'iU pounds \\'V square inch, and with a steam pressure 

I Connecdcut Agrk. Exp. Sta. 1S95, July, Bull. 121, 4. 
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of 100 pounds. IVe cau produce a spraying pressure of over 
200 pounds, but is not necessary as it is too big a strain on tiie 
hose. I have liad tliree streams going at one time witli a 
water pressure of 100 pounds. 

“"We use the ^tcGowen iiozsde, it being the most econoinicai 
and does not use so much of tiie liquid as some others, and if 
necessary, can make the spray nothing but a mist. But for ♦ Im- 
tree spraying we use the ^IcGowen straiglit stream, a.s the pres- 
sure is so great that it tears the stream into a good spray for 
tree sprayiiig.” 

Various modifications and improvements liave already been 
suggested for the above, and the time must soon come when 
some such apparatus will be genei\ally et)ip]oyed for preserving 
the long-snil'ering shade trees of our cities from the ravages of 
insects. The smooth roa<l.s will allow the use of heavier and 
more simple machinery tlian couI<l be worked in many of our 
large orchards. Tiie cost of the treatments would be distributed 
among so many, and the benefits derived would he so great, 
that such outfits may soon come into general use. 

Gas engines have also been employed. During ISO.'i, W. 
K. Gunnis, of San Diego County, Cah, applied kerosene enmh 
.sion to his trees, using power of tliis nature. The appa- 
ratus is placed on tlie platform of a liglit wagon, and on the 
front end is a tank of a capacity of lOU gallons, filled witli the 
emulsion. A small electro- vapor engine on the wagon oj^erates 
a double-action, high-pressure, cylinder pump, and t<) this eight 
lines of hose may be attached. The pump can be worked at a 
pressure of 200 pounds, rendering the .spray fine and strong, 
and capable of reacliing to tlie tops of the tallest trees, where 
the hose is supported by ten-foot l)amh(x) canes. Twenty-five 
or thirty acres of four-year old trees may lie .sprayed in one day 
with the labor of four men.” t 

A device for mixing kmosene and water has been itnented 
by Professor Goff, and during 181fl tlie Nixon Nozzle & 
Machine Co. offered it for sale in comiecthm with the “ Climax ” 
pump, and other firms attached it in a modified form to knaii- 
sack sprayers. Kxperiments for obtaining sucli a mixture liad 
been made in 1888,- but it was not until al»out tlie year 18D3 

t Innect IJ/e, IrSS, vil, Xo. r,, 413. 

» Goff, Y. State Agric, Erp, Sta, Ann. Bept, li«8, 14S. 
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that dealers considered the matter seriously. The principle 
underlying the construction of the apparatus is that the move- 
ment of the piston draws into the cylinder a certain amount 
of water through one 
opening, but through 
a second one kerosene 
is drawn in. The two 
liquid.s become intimate- 
ly mixed by their pas- 
sage through the pump 
before being thrown 
from the nozzle, and 
thus a dilute kerosene 
may be evenly applied. 

The flow of kerosene 
into the cylinder may 
be regulated hy a stop- 
cock. ^ An improved 
form of such an attach- 
ment on a kliap^ck An improved form of a kerosene reser- 

pump IS shown in r Ig. attached to a knapsack pump. 

17. The Deming Co., 

of Salem, 0., and Profe.ssor If. E. Weed, of Agricul^ral Col- 
lege, Jlississippi, have been most active in perfecting these 
machines. 

II. Evolution of ^Nozzles. 

The production of the spray nozzle is one of the most inter- 
esting of the many problems wliich have taxed the ingenuity 
of inventors. So long as the materials applied were in the form 
of clear liquids, or when they were used only in small quantities, 
not much attention was paid to this part of the machines. But 
with the use of the garden engine and force pump, and more 
dense fluid.s, there also arose the demand for proper devices by 
means of which the liquid thrown could be broken up more or 
less finely. 

The simplest, and probably the first form of nozzle was one 

'See alao m Exp. St^. Am. Rept. 1891, 162, and Gardm and 

Fortily tU. 1895, 143. 
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which would throw a solid stream. It was constructed so that 
tlie volume of liquid was gradually contracted as it approach«‘(i 
the outlet orilice, and the stream was not broken up until it had 
been carried some distance from t)u> nozzle. 'J'lie stream was 
often changed to a spray by screwing a rose, or some similar 
device, to the end of the nozzle. The openings in these attaoJi- 
ments still allowed the passage of solid streams of liipiid, but 
these were so reduced in size tiiat the fluid was l)roken up into 
inucli smaller drops. 

Three principles have been utilized in the construction of all 
spray nozzles now in use. Those principles form a basis for 
the natural division of nozzles into three main groups, these 
allowing of still further sul)division : 

1. Spray nozzles in whicli the .stream is rno)‘e or less broken 
directly in consequence of the modifying action of the margins 
of the outlet orifice. 

2. Spray nozzles in which the stream, having passed the 
outlet orifice proper, is modified by obstruction.s which affect 
its free and direct outward passage. 

3. Spray nozzles in wliich a .strong rotary motion is given 
to the liquid, and in coii.sequence of tins motion, tiio stream 
leaving the outlet orilice immediately assumes the form of a 
spray. 

These principles are inentionetl in the ordor in wiiicli thev 
probably came into use. Some of the lator nozzles eoinbine 
the first two principle.^, and others so^on to form a conneetioii 
between them, although one principle or the oth^T strrjiigly 
predominates. Some of the tiozzles belonging to tlie various 
groups are here briefly consideivd.* 

1'lie first group was long lepn^smited by Jiozzh-.s throwing a 
.solid stream, the outlet orifice being circular. A new type of 
nozzles, a modification of these, began to l>e made about 1S7.5. 
This class became ktiown as gradual itig s|)ray nozzles, from the 
fact that the cljaracter of the liquid thrown could bo varied 
from a solid stream to that rd a fine spray, i>y introdnelng into 
the outlet orifice a |K>irited piece of metal or laiiee. Tins etiterod 
the orifice from the inner side, and the fiirtloT it was intro- 
duced, the smaller became the opening aiid the finer was the 

‘ For a more comjtlete dc^'oriptlon, with ll!ii^traHon«, of many of the nozzles 
here mentioned, see American Gar deni 7ig, .May, iG6. 
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spray. Tt was moved hy turning some part of the nozzle which 
was connected with the lance. The “Peerless,” “Lowell/' and 
“(tfiiii” (Fig. IK n) are good examples of this class. 

In 187K II patent was granted to the Belknap Company on a 
new nozzle called the “Boss” (Fig. IH b). Tt has two outlet 
oriUces, ami the stream is directed into the one or the other by 
means of a liollow stopcock which is perforateil in such a man- 
ner that it partially or entirely closes one or hoth of the open- 
ings. The “ Knreka,” “.Masson,” and “Bordeaux” (Fig. 18 o) 
are moditi(Ml forms wliich liavc since appeared. The spray Ls 
varied Ity changing the size ot 
the opening, this being easily 
done by turning the perforated 
.stopcock. 

In IK, "id Kuinsey Co. adver- 
lised a iinzzle called tlie “ Fan- 
tail” (see Fig. .')). It consisted 
of a hat spreading tip having a 
long, narrow o])eiiing which dis- 
chargetl the li^piid in the form 
of a s[>ray resembling in out line 
the ilaine of a gas jet. d'his 
principle of liaving tlie liquid 
issue betweiM) two flat, ]iarallel 
pieces of metal has heen retaineil 
in more or less modified form 
in many of the nozzles now in 
use. One of the most ju imitive 
forms was mmle hy hammering a nozzle designed to throw a 
solid stream in such a manner that tiie opening was long and 
narrow instead of eirenlar. It was even recomineiided that 
they should be made in this manner.^ Little was done towards 
improving this class of nozzles until almut 188!), wlien a patent 
was granted on tlie " Xew Bean.” In tliis nozzle the width of 
the opening could be adjusted by means of a screw, one side of 
the orifice being of rubber packing. In 181)0 Bailey published 
a descriptit)n of a device, by means of wliich the end of a hose 
Could be contracted so that a fan-shaped spray was produced^ 

^ (Did Ciiuiifri/ (tciiilftnaft, ls‘1, Aug, 8, 4S6, 

* Cornell Affric, £jtp, S(<(^ July, Bull. 18, 89. 



Fiu. IS, — Spray nozzles, a, prailu- 
atiiiy: “ta-in''; />, “BoS’S”; 

f. " HonU'aux.” 
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(Fig. 19 «). Tlie size of the opening was entirely nnder the 
control of tlie oj^rator, and in case of clogging it could be 
oiiened to its fullest extent. 

It was about this time that the '• Wellhouse ” nozzle was first 
made ^ (Fig. 19 i). It is made after the pattern of a gas jet, 
blit much larger. 

In 1892 tlie first automatic cleaning nozzle was invented 
(Fig. 19 (}), it having been suggested by the device shown in 
Fig. 19 c. It has since been offered for sale, in a modified 



Fir>. 19, — < 7 , “ BaiJey ” ; ft, “ W<‘l[hoiise " ; r anti < 1 , fortns which led to the coil* 
Btruction of e, the ” .McOowcn.’’ 


form, having been named the “McOowen,” after its inventor.* 
In this nozzle (P'ig. 19 e) the o|>eniiig is formed l)y two pieces 
of meta! which remain in contact when not in use. One piece 
is movable and is in the form of a jdston Mliicli move.s back- 
ward and forward in a cylinder placed at right angles to the 
main .shaft. ,\.s the pressure in the shaft increases. Die .size of 
theopKming enlarges, ami in this manner any olistruction which 
may become lodged at the outlet orifice will can.se an increa.se 

* Inventc*! by TV alter Wcllliuiise, Falrmount, K*n. See a full lUustreteJ account 
la Rfp. Kan. llorl. Soc. xvlil. 99. 

I Joha J, McGowen, Ithaca, ^.Y. 
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of pressure which forces the piston hack to its fullest extent, 
thus allowing the passage of the obstruction. This nozzle is 
in many respects a radical departure from all forms made at 
the time of its iutroiluction, and its automatic action niarks it 
as a distinct advance in the evolution of spray nozzles. 

The second group of nozzles, including those in which the 
stream of liquid is broke n hy some obstruction preventing its 
free outward passage, is represented by fewer specimens than is 
either one of the others. Although such nozzles were among 
the first made, their construc- 
tion apparently does not admit 
of so many modifications as are 
feasible in the other groups. 

The form first sold was known 
as a “Diffuser.’^ It was made 
by extending a portion of one 
side of the outlet orifice into a 
broad, faii-shai>ed piece of metal 
against which the liijuid was 
thrown at a very .slight angle. 

This caused tlie stream to spread 
over the surface of the ]n'ojee- 
tion, and in this manner it was 
broken tip into a coarse spray. 

Fig. tlOa represents a form at 
present userl in France, tlie 
“ VigoLiroux.” The fan-sliaped ’’ ’ 

projection lias in recent years u » 

been so constructed that it may 

he brought close to the orifice or it can he removed entirely ^ 
(Fig. 20 /i). It is generally made of metal, but there is now 
.sohi one form in which a piece of ruhlier answers the same 
inirjHise. 'Fhe rubber is pressed over the oj'ening in the nozzle, 
and the .size of the orifice as well as the character of the spray 
may be varied to a consiilerable extent. 

In 1884 a patent was granted to tlie. Xixoii Xozzle & >Iachine 
Co.,’^ on a nozzle known as the “Climax.” in which the liquid 
was forcibly thrown as a solid stream against a piece of ware 

1 P. C. Lewis Manufacturlnif Cu. Cat skill, N.Y. 

■Nixon Nozzle & Machine Co. Dayton, 0. 
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gauze ( Fig . 30 (•) ■ It ^vas li e re bro ke 1 1 u [u n to a spray va ry i ii g in 
cliaraeter witJi the size of the meshes in the wire netting. Tliese 
nozzles were widely recoin men tletl ami snUl, Jiml tliey are the 
most important which can at present he tbuml in this group. 

The “Ball'’ nozzle (Fig, 3(b/) is a new modification which 
was tirst extensively advertised in 181)5. At the end of a liose 
is fastened a hollow conical ]iiece of metal in which a light hall 
looselv rests. As tjie liipiid is forced against the ball the hitter 
is not ejected, but remains to break up tlie Hnid into a fairly 
light spray, ddie serious objection to tin* device is tin* amount 
of [Wver required to tlirow even a moderate amount of tluid.^ 

There is another class which may be iiieludetl Jicre, It is 
composed of those nozzles in which tin* olist ruction is not a 
solid, but consists of a stream of liquhl. d'wo ojimiings are 
made at the outer exhcinity of the iiozz]**, and these incline 
toward each other in such a manner tliat the tu'o strenm.s 
issuing from them come bircihly in contact ^ith mich otlier, 
and are immediately changed to a tine spray, 'I’he “ Lilly,” 
or '• Calla,” and om* Mi(3iliticaiii*u of tlie '* Met lower), ” are good 
examples of this form. 

The history of fin* third group of noz/h's is very recent, yet 
maiiv forms have been proiliieed. Several of the most pnpniar 
nozzles now in use may hen* lie elassitiei] together. Tiit'V ari*: 
collectively known iis the eye|om* nr eddy-rljamher nozzles, 
from tlie fact that the liipiifl, upon mitering tlie nozzle, is 
forced to whirl with great rapidity in a rirmdar chamhm* 
before it passes through tla* outlet oritiee, Tliis cyclonic 
motion causes the tluid to he broken up into partmles which 
varv in size witlt the size of fite o(«*ning, the Miialli'r orilices 
causing the formation of a spray w hich is excetalinglv fim*, so 
tine that it Hoats in the air like steam, ami does not fall to the 
ground. 

William S. Harnairi ap|*r<ars to liave lieen the first tr> conceive 
the irle.a of rnakiiigm'pray nozzles in whieh tlie above principle 
should Ihj utilized.^ During the summer of 1880 he was 

*AmPriran tJalt NozzIr'C'e, -a 7-'. IT II roadway, ,V.V. 

> “ l>n siii'h (jviiif'tK'c n mil a Ih' tit-lii that Hanianl orijfinatt'd th** haptic hlra of the 
irmirovcuieat in ijtjeOiini.'' ItiTision nf the ('iitiiiiilf*'lmi«T <if Patentn of t‘. 
i <jiirt^ in Patent as reconlol In T/tf oj/iruil (iamfU 0/ Me I'. ,S‘. tuifnt 
Oj/icf, Veil, 50, So. 12, mi. 
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engaged as an agent of the United States Kntoinological Com- 
niission, and was stationed in tiie South to conduct experiments 
for the destruction of tiie cotton -worm. It was probably while 
engaged in the work of throwing liquids that 11 le idea suggested 
itself, and that it was soon put into execution is shown by an 
atlidavit made Ijy Professor C. V. Hi ley, April 11, 1886.^ During 
1880 the principle was tested with the aid of watch crystals, these 
being chosen from the fact that in tiiein the action of the liquid 
could he easily ohservetl. Other contrivances were also em- 
ployed, and thus began the series which eventually led to the 
construction of tlie iio/zle that became 
widely known as tin; “ Hiley,” “('y- 
clone,” or “ Kchly-cluuubcr ” spray nozzle 
(Pig, ‘J1 e). Unfortunately, the name 
Ihiiaiard ” has not been more closely 
conncctetl with the invention, which is 
without dunlit one of the most iirqun'- 
tant of tlic many luaniiig on the s\ili]ect 
of spraying. Tlie nozzle was brietiy 
meiilioned in the animal report of the 
Unitetl States (’(Unmissimicr of Agri- 
culture for 1S81-Sl!. and again in the 
rejHirt of ISSl. In (he latter report, on 
page d:H), Dr. Hi ley makes I he following 
statement: " I'he final form td cliamhiM* 
adopted is the ri'sult (jf nnniherless ex- 
}>erimeiits carried on liy Dr. Harnanl in 
my work, holh for the United States 
Entuinological Commission and the De- 
partment of Agriculture." 

Dr. Riley visited Prance in 1881, and in an addre.ss delivered 
June do, to the Sociihe ('entrale d’Agrienltnrc de rilcranlt, he 
inentioiied Harnard's nozzle, and this no donht liastenetl its 
adoption in tiiat country.- blie nozzle was easily cloggctl. and 
on this account it gave considerable trouhle, yet it was conceded 
to l>e one (jf tlie liest, and w:i.s used by several experimenters in 
188"). It attracted the attention of Preiich manufacturers, 
the firm of V. Vennorel, Villciranche (Rhone), being jHU'haps 



t'a;. •2t. — (f. “('yckme”; 
iiliJ f'>rm of '* Vi-rino- 
ivl ' ; mixlitiol form 
of “ Vt'rmoivl.'’ 


* apiciiil (iasfiie V. S. J\ifenf Vol. 63, No. 12, 132 
A^rkolt, IN>4, July 10, 2(.U, 
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the 6rst to man uf act lire tliw nozzle, whieii is there called the 
“ Riley.” Vermorel infoiaus me tliat it w*as during 1880 and 
1887 that he added the attachment by means of which the out- 
let oritice can be cleaned wlien it lieconies clogged. The improve- 
ment consists of a pin or lance wliicii can be {n’essetl forward 
until the point penetrates the orilice and thereby foi'ces outward 
all obstructions. Fig. 21 h represents one of the earlier forms. 
Vermorel also made a few minor changes during lS8b and 1890. 
His improved form of tlie cyclone nozzle became known a.s the 
‘‘ Vermorel,” and it was almost immediately adopted in America, 
to the exclnsioii of the older forms made by Barnard. The 
name “ Vermorel ” has also been retained, d'he nozzle is at 
present one of tlie best in use. Altliongh many luoditications 
of it have been made, tlie original form is fully as serviceable 
as the later ones, and it is generally preferred^ 

The elbow in tlie Vermorel nozzle is one feature whicli is 
0^)611 to slight objection, uml many attempts have been made to 
avoid it (Fig. 21 c). Several nozzles have also been made in 
wliich the eddy chamber ami outlet orilice an* situated directly 
in line with the main shaft- Tliese nozzles look a little neuter, 
and they are more easily moved about among branches, but in 
otlier resi>ects they possess no advantage*, 'riie sjuay as a rule 
is no better than that of the true Vermorel, and the parts are 
cleaned with greater diHleulty in ease of clogging. 'I'lie class 
is represented by tlie •‘.Marseilles,” “Bean’s Cyclone,” “.Myers,” 
“ Acme,” and others. 

Vermorel nozzles are also made with a shaft about eighteen 
inches long, Coiuieetioiis are made with the lance which 
clean.s the orifice by means of a rod wliicli is o|HM'ated by a lever. 
This form is used almost wholly with knapsm^k pumps. 

III. BFbUnv.S .\XJ> IhAyDKfl GtJNS. 

Powders liave long bf‘<>n used for the control of fungi and 
insects. In Knrope sulphur was generally so ajiplied, previous to 
188o, against the grapo mildew, and sjwcial apparatus liad lieen 
devised for making these apjdicalions. 'I'he most [«»]>ular 
instrument for the purpose was a hand lielhnvs, upon which 

* Yor f’ re rich nifvU final ions nf thu lyrlono jum Kllej', Innect Lifr, Issff, 

VuL I yo, S, a-W ; ami .Vo, ff, m. 
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was fastened a small reservoir for holding the material 
(Fig. 22). Bellows are easily operated, distribute the powders 
evenly, and in ad- 
dition are cheap, 
so they are still 
very commonly 
used, ill modified 
and improved 
form, both in Eu- 
rope and in this 

country. AV hen _ nami bellows for blowing powders. 

large areas are to 

be treated, however, the work progresses but slowly, and this 
has led to the invention of machines which force a current of 
air through a tube by means of a revolving fan, the powder 
being mixed with the air. A type of this class of machines is 
shown in Fig. 2:h Their action is certain and rapid, and 
although they are more expensive, their greater effectiveness 

well warrants the outlay. 
The first powder gun made 
in America appears to have 
been invented by Eegget, 
who began its manufacture 
as early as 1854. 

Another advance was 
made in 1805, when there 
was advertised a horse- 
I'Hi. ‘ii. Gun fur applying jtowdors Mpidly. power machine called the 

“Sirocco Dust Sprayer.’’ ^ 
A powerful air blast is produced by gearing a revolving fan to 
the main wheels, and large amounts of any dry powder may 
be quickly and evenly distributed. 

IV. CoMi'AiusoN OF Liquids and Powdkks. 

Having thus very briefly discussed the gradual introduction 
and develojnnent of the machinery used in making applications 
of insecticides and fungicides, it now’ remains to discuss the 

* The Si^)Cco Company, Uninnvillf, l.ake County, 0. The device was invented 
by W. U. Monroe. 
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all-iiuportant question, “M'liieli is the best,?*' Before going; 
into Uetails it may be well to obtain a elear idea witii regard 
to the eoniparative value of liquids and powders. 

Towders are inoie easily liandled tluui liquids, and with the 
machinery now made they can l)e just as ev*mly ajiplied ; yet it 
is only in exceptional oases tliat their use is adv isable. I\)wders 
cannot be thrown any coM.sidcral>le distance, and tins neces- 
sarily limits their protitable apjdieation to th(‘ lower growing 
plants. This becomes especially emphatic wlicn a wind is 
blowing, tor every current vd air will change the direct imi in 
which tite particles move, ami a consiiii-raiiJe loss of material 
w ill take place. A ipiiet day is therefore generally the best for 
making such applications, 

A not he 1- defect is tliat powdci's canmU always be made to 
adhere so iirinly to foliiige as the lii[uid applications do. ^Vl^^•n 
tike foliage is dry it commonly occurs that scarcely any ol the 
powders will adhere, and tills necessitates \vetliiig the parts to 
be treated, or else waiting until dew oi' I'aiti siiall Jia\ e moisfcuc<l 
them so that the partieik's will remain wliere they are ap[»liet|. 
Platits having smooth foliage ai'e particularly dillicult to treat. 
Another objection, and >o far as liiiigoiis diseases are eom'erned, 
the most serirms om*. is that w>* iiav»* no j>owders w hi('h are as 
eft'eotive as tlie liquids, and for thisreasf)n alone the latter are 
to be preferred. With itisK-ticidcs, however, the case i.s different. 
The U'St insecticidt'S av* in ]Kjwrje)- foi-m. and when low-grow- 
ing. rouglideaved jdants are tnaited wliile the ftkliage is damj>. 
the j‘oi>oiis can be profitably and ec(jnoniically apj'Hi'd, Plants 
grown in greei)hoiis*“s can also l>c* sm-cessfnlly treated in th<^ 
same nmnner, since liere there are almost no air currents, and 
the moisture may he emit rolled wilfi ea.-e. 

Jd(|iiids can ]>e a{>piie(| under nearly all eirciimsfaiices. If 
proper machinery is nsetl. it makes eonq^aratividy lit tli> dilfer' 
mice w hetlier the ])laiifs are one or thirty feet. high. In case 
of a wind tie* iFiaterial can still be tlirown. altliotigli not 
well, and the ojK-rator is also under less discomfort. lJ([uit|s 
will adhere to the parts to uhicli they ai'e applied, with only 
few' exceptions, and on this aeeouiit -r(‘;tter protection is 
affordcfl hy them. Both fungicides and i insect ieides can be 
thrown equally well by the .same ajqdiance.s, and sim’e tin* two 
are generally ii.sed, it would seem tiiai liquid, s arc to be pre- 
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ferred. This is especially true when several different crops are 
to be treated. 

If powders are preferred, the hand bellows will be found 
very serviceable wdien only a Hiiiall area is to be covered. For 
more extensive work, macltiiies with revolving fans to produce 
stronger air blasts will answer the pur[)ose better, since the 
work can be done more easily and also more rapidly. 


V. MkKITS of TIIK VakIOUS 8 PH a vino I)e VICKS. 

The bulk of insecticides and fungicides are applied in liquid 
form, and so nineb iiiaeliiiiery for making the applications is 
offered for sale that the stdectiou of tlie best is l)y no means 
an ea.sy matter. 'Fhe conditions inider which the materials 
are nseil are so exceedingly varied, tiiat reconiinendatioiis 
whicli apply in one ease have little valne in another. Only 
general .statements can l>e made with safety, and each indi- 
vidual I mist select that which in his jiidgiiient promises to be 
most efftM'tive. Several of the ideas here advanced are not iu 
accord with those of some writers whose opinions are entitled 
to very careful consideration; but since they are tlie result 
of personal experieiKM* and observation in the field, and of ex- 
periment in the laboratory, the concln.sions reached are given 
with the belief that no one who foll<nvs them will go far 
astray. The subject is the mure ditheiilt to treat from tlie fact 
that personal bias often enters, and that wliich suits one man 
may or may not suit another. Tlie niamifactuvers’ side must 
also be considered, since it is but right that their products 
should be justly vnlned, rnfortunately, it is impo.‘i.<ible to 
enter into the nim its ami defect.s of all sjuaying contrivances 
offered for .sale; the descriptions, therefore, will apply only to 
tin; ty])es of the more imi>ortant groups. 

A few' jioints apply in the selection of any spraying imichine. 
As a rule, it is better to have all working parts of lirass, the 
body of tlie pump being either of brass or of iron. The alloy 
i^ more durable than iron, since it is not so easily corroded by 
the li(|nid.s used, nor by ex|x>suve to air. 'Die first cost is 
greater, but iu the end the extra price is well spent. .\1I brass, 
however, is not .suitable for spr;iy puuip.s. Ammonia water has 
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a strong solvent action upon soft brass, that which is composed 
of COPJH.H* luul zinc, ami for this reason such brass sliould be 
avoided. Hard brass is an alloy in which more or less tin is 
used with tlie copper; it is much more durable, and is to be 
preferred in the construction of both ]uimps and nozzles. 

Piiuip valves are made of various materials, d’he metal ones 
are to be juvf erred as a rule, althouglr glazed ball valve.s are 
very satisfactory. Leather is freely used as packing and in 
valves, and on account of the ease with which it can be 
replaced, it is not objectionable. Rubber, however, especially 
if it is soft, is unsafe to use in a spray macliine. Kerosene will 
cause it to swell to such an extent tluit the pump is rendered 
worthless until a new valve is put in, or tlie oM one i.s given 
time to shrink, — a process wiiich may rerpure niontlis. 

Knapsack juimps liave several fiuitures to recommend them. 
Liquids can in tliis manner be carried ami a[>plicd in places 
inaccessil'le to wheidtsl vehicles. Vineyards are frecpiently set 
in such local ions, as are also espaliers and frnit-walls. and under 
such conditions a Una[»aek ])iimp has no eipial. On small borne 
grounds, where the nature of the spraying is varied, these 
pumps may also he used to adv.mtage. Hut trees cannot l>e 
successfully treated l<y tliern. as the Iit|uid is not tlirowu far 
eTiough. \or is their use in even nuxlerately large plantations 
advisalde, >ince the labor of carrying the pump is onerous, ami 
tiie machine is m»t easily operated. Other un])leasant features 
will also be fnrci"il uj>oii tlie iiiaii wlio Works the machine, and 
wlien j»<)Ssihle a dilVenuit deviei? sliould lie [ireierred. 

Hand syringes are jiractically out of the question when liquid 
a[»[ilications are to be made, except in case of plants grown 
under gla:*'; then the syringe is itmcli used, altlmugh water 
under [iressnie is now so genendly [ii|>ed to greenhouses that 
even here tlie use r»f syringes is steadily decreasing, tin; nmre 
so, since a stream of water forcibly applied is a very p«»pular 
way of controlling insect {xsts. Kungicides may be aiiplie<l to 
jilants under glass, either with .syringi’s or l>y means of knaj)- 
suck or bueket jiiimjis. 

liucket pumps, sneh as represented in Fig. 21, are very [lower- 
ful for their size, and tliey will tlirow coii.siderable quantities 
of liquid. Mmlerate-sized trees may he thorouglily treated by 
them, and when little work is to bo done those pumps may well 
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be substituted for the kiiapsiick sprayers. 

Statements are frecpieiitly seen, asserting 
that these and similar pumps may be 
used successfully in orchard work, and 
so they may. But tlie work is so tedious 
and slow, that the ex[)eriminit will rarely 
be tried mure than once. A larger pump 
will tlirow a giaaitm’ rpiantity of liipiiil and 
tlirow it easier, so that it is a mistake to 
purchase a small jannp for any ]>nt very 
limited plantations. Fig. 25 represents 
another servic«aible ]uiinp of this kind. 

d’lie greatest variety of j>um[>s may be 
found among those which are suited for work on a barrel, or 



Bucket pump. 



Fk., - Iniprovctl liiickct pmup. 


tank, and liere is where the greatest dilTiculty occurs iu making 
a selection. Items of cylinders, pistons, 1\ an dies, air chambers, 
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agitato]*?, etc., require at lent ion, uiul ti? they are all of 
importance, tliey will he hrierty ooiisitlered. 

Kxperience has led to the oonclu.siim that no barrel spray 
pump sliould have a cylinder less tlniii inelies in dianieter, 
and one with a three-inch cylinder is perhaps to In* preferred. 
This assumes tfjat more than one noz/le is to In* attaohi'd to 
the pump, otlicrwise a smaller punq» will answer, espeeiallv if 
ail eddy-chamber nozzle is us*'d, Ihit \\ ith nozzles ilesii;tii“d for 
heavier work, such as the ■•AVcllhouse,” the ‘’Mcdowen,” nr tlie 
‘'Bordeaux,’’ the above diiueiisions are none too lar^i*. Tlie 
stroke should be at least four indies in leiigtli, and a longer one 
would probably be better. 

Pistons may lie packed with leather or witli met.al rings. 
The latter are more duralde. hnt the wear of the cylinder is 
greater, and tliey are now little us*‘il in s]>ray ]iinnj»s. Leatlier 
or candle-wicking is clieajter, and is at prest‘nt jirelVrred. 

The liandle of a juinip is a niort* important iiciii than may at 
first l>e siqqxiseil, It requires considerahle foiie to mov»* a 
tliree-iiidi jnston witli tin* :iccompati\ ing hodv of water, and at 
the sane* tiiin* to drive the lepiid through a hose and nozzle 
with such force tliat it shall l^e iu'okcn into a spray. If tin* 
handle is long, the work can lie done uith com para t ivi* ease. 
By a long handle is meant on<* which is from ‘d~> to tJO inches 
from the pivot to the outer cinl, the di-tance fiuni (lie pivol to 
the piston-rod lieing from four to livti indies additional. Full 
allowance is here made for tin* length nf tin* handle, since many 
are made wliicli an* faiihv in tliis respect. 

Air diamlrt*rs liavi* hecn alnnot niiivcr>ally rcganled with 
great favor both by tin* maiiiifaetnrers of pumps, and hy those 
who purchase a]>[>aratu>. Tlie strong point in their favor is 
that they can.-'e a moiv uniform Ilow of liqiiiil, wliidi. to a i-ei- 
tain extent, is higlily di*>iral>!e, 'I'he question is entirely oin* of 
(iegmee, since the pri sence rjf an air cushion unquestionahlv ]>n)* 
duces a more uniform thiw. 'I'ln* a>si*rlion is also fM>ca'«iona!Iy 
made that greater power may 1«* obtained} hy tin* use of an air 
chamber, and tliat in ciinseijueuce tlie spray is heller and tnoro 
easily thrown. J laving tnany pumps and nozzles al my dis- 
posal, the (liffereiii ^iile^ of the que>iioii itavi* hi'en cxamiiii'd, 
Some of the cliainhers have been }ap[SMl and aircoi’ks ihsertc<l. 
Any desired amount of air could thus he displaced hy the water, 
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or the cliainher could 1 completely filled. Different styles of 
nozzles were iisofl with tlie varying capacity of tlie air cham- 
bers, so that tlie experiments Tiiiglit he as conclusive as possible. 

A sensitive steam gauge was also attacheil so that the pressure 
could he moasiirerh 

'riie results showeil that no greater force could be obtained 
wlmlher a large nr a small air sj^ace was present; the pump 
did imt appear to work more easily with a large chamber than 
with a small one, nor did tlm character of the spray appear to 
lie modiliiMl. A great ditTeveiice could be seen, however, in the 
length of time required for a nozzle to throw its best form of 
spray, since the cliaracter of the spray of most nozzdes varies 
witli tlie pressure nf the liquid. It was also noticed that the 
flow of liquid coiiliniietl miicli longer when a large air chamber 
was a ((ached, Imt as the pressure decreased, the value of the 
spray decreasi'd, so that only the main flow was suitable for 
making apjflicalnuis. As many nozzli‘s are not provided with a 
stopcock for sliiiltiiig otf tin* flow of liquid, there is more or less 
loss of material wlieiievm” the ]nimpiiig ceases. There is also 
a loss of time and material when the juessure is increased, since 
tlie flow from the nozzle is delayed as the capacity of the air 
cliaitibev increases. The work indieated that for all practical 
purposes an air clnuuber Iiaviiig a capacity of one pint to one 
([uavt is siiflieioiit for any liarnd ]mitip or for any nozzle. It 
allows a quick ap]dicatiuii of ])ressnre. and its almost immediate 
removal, while the air eusliioii is siitlicieiitly large to produce a 
nnifonii sjiray. 

'rite agitation of most of the liquid insecticides and fungi- 
cides is. mibirttiiiateh , nei*essary: otherw is»‘ the undissolved 
]iarlieles settle at the bottom (d the tank, and. in consequence, 
the ap]»licatiniis an' uneven. Kven a knapsack pump will not 
iiiaiiitaiii j>rop(*r agihilion. although it is tlnmmglilv sliakeu by 
the man I'arrving it. !^ome certain nu'aiis of agitating the 
liquid must, therefore. b<> adoph'd. Attenqits liave been made 
to force a return stream i>f the liquid into the barrel or tank, 
and till* ciirreiils so ]iniduced were supposed to answer the 
<lesire<l ]>m pose (se<' l-'ig. gS). Ihit the results have not shown 
this to be the casi'. and this class of agitators is btdng gradu- 
ally abandoned. Another, and more etfective, method is to 
attach a ]>aildle or dasher to the handle or other moving part of 
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the pump, so that at every stroke (lie lupiid will be more or less 
tlioroughly stirred (Fi?. ‘20). I'liese lla^'e proved snceas-sful so 
far as the agitation is concerned, Init all who have worked a 
spravpump know that the labor is siiiriciently severe ay ithoiit 
the addition of an attachment Avhioli necessarily consumes con- 
siderable force. Since the agitation must be accomplished, the 
use of some of these ile vices is one of tlie best ways out of the 
difficulty. ^ly oavii practice has l>eon, however, to insert a long- 
handled paddle into tlie 
opening through wliich tiie 
barrid is tilled, and to stir 
tlie liquid in this manner, 
directly by liand, wlienever 
it is necessary, lliis nietliod 
is, oil tfie Avliole, probably 
tiie easiest and most satis- 
factory. Tlie work can be 
done a.s thoroughly as de- 
sin'd. and with but little 
exti’a labor. 

11 H‘ liquid coiitaineil in 
Iargt‘ I'arnds or tanks can 
be agitated very easily by 
iiii'aiis <if a permanent de- 
Yicf (onsisting of one or 
iiiore paddh'S which are 

Miovi-d bv a li'vi'r that prih 
Fir,. 2»}. — A sjiriv "iitfir. tiie [.iiina rr'a'^'i'lv • . i ’ Ji 



.\t slioi l intrrvals (h** hner 
niavls^ moved until the tlnii) is fhoroiiglily .■stirred. When long 
tanks are employed, several jciddies should exteii<I crosswise of 
the tank, near the hut tom, and, if fhe>e are properly connected, 
one movement of the ]eve*r will caii-i' a movement of all the 
paildles, thus quickly amt easily agitating the contents of the 
tank. 

If a pump is to be nserl iqum a l»ai'rel, as i.s the most common 
practice, the hase^ a-ting ,-honhl he curved. It i.s 1 letter to turn 
the barrel on its side (Mg, l’iI) and fasten (he ]iump in tlii.s 
manner. When it lies on its side, tlie sediiiiind ndlecls very 
near one central point, and can easily he dislodged and mixed 
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with the water. But, if the barrel is on end, the sediment col- 
lects in an even layer over the entire bottom, and it is much 
more difl'icnlt to luiiintiiin an even mixture. Large tanks are 
unsatisfactory in tliis respect, since tlie bottom is generally flat, 
and it is diflicult to reach all the sediment \Yith the agitator. 
When power sprayers are used, and the horse does the pump- 



Fin, 2T. — A compact ami jinwcrful f^pray pump. 


ing, it does not make so much difYerenee if tlm labor is harder, 
and th<) agitator can be attached to a moving part of the pump 
with very satistactorv results, 

i'ig. represents a type of puniji sold hv several manufac- 
turers, which answers most of the reijuirements above men- 
tioned. The air eliainher is in tlie piston rod, wliere it is 
entirely out of the way, yet it is large enougli for all practical 
purposes. These pumps are exceedingly compact, powerful, and 
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d arable, and can be reconnnendo^l with confideace. Fig. 28 
illustrates aiiotlier fonii very similar to the preceding. The 
air cliamber surrmmds the up[Hn' lialf of the pntiip, eansing the 
enlargement. Tiiese two putnjis are amongst tlie most compact 
and semceable ones now sold. 



Yi‘i. - A C’'"! faiTt i iititJip, M jrf) 3 ri'turti for ;► >tn»iii(‘r. 


Fig- 2!) .'howt ;« >tyhf <if [Hitiip of ^^hif■l) tljmo an* sf-vond 
nioditieatiuiH also Fig. dl). 't'h*' nir>sf striking feature of 
thi.s l\ Is the very large air ehaniber. -Many of [li(>se .sprayers 
are in nse, and they api^-ar to give satisfaction they must 
hav<' points of decided morit. Such air cliainhers are of par- 
ticular value upon j*ow<'r sprayer.s. 

Several manufacturers adverti.se a Iniii/.ontal-.'ictiiig piiin)', 
a« shown in Fig. ob. These are of variou.s size.s, the cylinder 
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not being smaller than 21 inches, and in some it is as large as 
5 inches in diameter. Tliese pumps are little used, as they 
seem to be har(h;r to operate, and they are limited in their use 
more than the forms adapted to barrels. 



Fig. 2#. —Spray pump, \v1tli laire afr eliamhor : tlie p.i(!dIo at the boftnm of the 
hiirrt'l acts as an aiitoinatii' aptator. 


in some localities, semi*rotarv pump.s (Fig. 31) are in demand, 
no other form being tliougbt (Mpiidly effective. The action of 
these j)umps, when new. loaves little to bo dosired. Tiiev are 
easily worked and |)owerful, anil at first apjiear to approach the 


Flo. 30. — A [KJMt'rftjl li'iH/,iirit}il 
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ideal spray pump. Yet the inauuiaciuvers have admitted that 
these pumps are i\ot so durable as the otVvcr styles, and 
this necessarily follows from the manner of their construction. 



Fid, 31, • - Semi-rolary or “clock” pump. 


'riiey are also more tlelicate. and will not Ivar the abuse which 
aj^IXMirs to liave no clhad upon other forms. tVlum clear solu- 
tions are apjdied lliere i.s little towi'iir tlie inner parts, but with 
gritty preparations, suidi as the ISurdcaux mixture, their days of 
service are not very long. 
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Later and improved foniis of tlie pump j’epresented by Fijif. 
have been extensively used during tlie season of lbf)5, with 
very satisfactory I'esnlts. One cylinder has been replaced l)y a 
metal sheet, wiiich is t’astenevl at tiie base of the pnnip, but 
the outer end is free to be (Xirj'ied up and tiown at every stroke 
of tlie handle. This is one of the best and most easily opei-ated 
agitators with wliicli I am ac(piainted, and the pump has met 
with much favor, although but recently put upon the market. 

Barrel pumps have thus far proved the most satisfactory in 
spraying old orchards. 'J'iie operation is too slow ami tedious 
when smaller pumps are employed, and geared jtower sprayers 
are unable to cover the trees with sutticient uniformity. Engines 
have not as yet been s attic iently enijiloyed to warrant their rec- 
ommeiidation. U'heii trees are comjiaratively .small, a very 
serviceable oiitlit may l>e. obtained i>y placing tlie barrel and 
pump on a light wagon. 'I' wo men can work most conveniently. 
One drives and [uii n|>s, w hile tiie other holds the noz/de, or the 
ojierations may be <lirtV'i'e!itly div ided. If more than one lead 
of hose is in use, it will reipiire a man for eacii hose, and another 
to pump. 

If the trees are large, such as old a[t[>le trees, an outfit .similar 
to that shown iii Fig. dd will provo (d' great seiwiee. One man 
drives and pungis, wdiile bcdiind liim is the barrel or tank. The 
tank may be of various shapes, somi; growm's preferring Imgs- 
heads, while otliers n>e a long, low lank, having a fiat (Fig. Tl) 
or roumled bottom, tlie latter being better, as the liquid can be 
more thoroughly agitated. Above this tank is a platform, 
w’hich is from tmi to fifteen feet fivmi the ground, d'lie men 
directing the spray stand njion this, and are preventeil from 
falling by a rail whicii surrounds tlie jfiatform. fi’his elevation 
allows the spi'ay to lie thrown to the tojis rd very high trees, 
w’ith the assistance of only a short imli'. A pole is an unwieldy 
instrument at best, atid if [irojier im/.zliss are used it may be dis- 
penseil with in the majority of cases. The work can also he 
more thorongdily accomplished from above, as the parts of tlie 
tree are more easily reached, and the liquid does not fall back 
upon the men, a.s .so frequently occurs when the spray is thrown 
from lower elevations, "i'lie man who ilrives is at a disadvan- 
tage, but if he Is properly protected liy ridiber clothing, the 
position is rendered much less uncomfortable. 
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^lany orchards are so thickly planted tlmt an apparatus like 
the above can be driven tli rough only witli great diffictiUy, In 
sncli cases the branches slioiild be cut so tliat the orchard may 
be penetrated in at least one direction. Witli good ajiparatus 
the trees may then be tliorouglily treated. 

Later improvements in spi'aying macliinory are the poi,ver 
sprayers, of wliicli Fig. dd represents one of tlie best. 'I'iie 



illustration is so detailed that little need be said regarding the 
construction of tlie machine. 'I'lie pumps are ^vorked liy nieaus 
of a bar whicli is fastened to a crank. 'I'he crank is attached 
to wheels tliat connect witli the large wlieels by means of 
sprocket chains, and motion is obtained in this manner. Fig. 
35 represents another type of machine of this class, d’he liquid 
is applied by means of a rotary pump. Fower machiue.s are 
excellent for spraying all low-growing plants or small trees, but 
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the best work cannot be done in a bearing apple orchard, and 
the hand pumps must be depended upon I’or the most efficient 
service. Hut for potatoes, nursery stock, vineyards, orchards of 
dwarf trees, these machines will amply repay their cost, and 
with proi^er treatment will lessen the unplea.sant features of 
spraying to a very great degree. Wherever sufficient work is 
at liand to warrant tlicir purcliase, they will be found indispen- 
sable when once used. 



Fig. .54. — Power spravor. A, lever attached to the frearinf^; />, bar moved by 
means of a crank attacbed lo I be wheels; BJi, pumj.s which force the liquid 
into the dlschar^'c hose ; (\ tank. 

As has already been stated on page 101, several machines 
have been built for tlie sole purpose of spruying potatoes. Asa 
rule, those in which tlie liipiid is applied with the aid of a force 
pump are to be prehirred, althougli excellent inaciiines may be 
found among those in which the Tupiid flows by the force of 
gravity. Some method of converting the fluid into a spray 
should, liowever, be present. Fig. flO represents a machine in 
which this is done by means of a revolving brush, BB. Air 
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blasts are used by some for the same purpose wifcli marked 
success. 

The best spray nozzle, so far as efficiency, simplicity, and 
clieupuess are eoncerneti, is the end of a hose and a man’s 
tluiinb. bnt'oi tiinately the thumb gets sore and tired, and opera- 
tions must be suspended to Mait for repairs, ft is the nearest 
approach to the ideal nozzle yet devised, if It were only more 
practicable. It will do all that a good nozzle sliould do. It 
tlirows a fine mist-like spray, one tliat will “float in the air 



Fto. 35. — Power sprayer, with rotary pump. 


like a fog,” or the particles of water may instantly be made 
coarser, and the water thus earj'ied to a greater di.stanoe; or 
still coarser and the M’ater huive the hose in tlie form of a solid 
streatn. These changtjs all take place in.stantly (after a little 
practice), and it makes no difference whetlier the parts to be 
sprayed are a few indies or iJiany feet away. I'bis nozzle jicver 
clogs, but is cleaned automatical ly, and as rpiickly as the char- 
acter of tlie sju’ay is varied. In fact it po.ssesses all the desir- 
able qualities of a .spray nozzle, except durability, and for this 
we must turn to the metals for aid. 
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All operators do not desire Llie same kind of spray even for 
the same kind of work. It is commonly said that the best 
spray is one which most nearly resembles a fog. This is true so 
far as the spray is concerned, but the trouble comes in applying 
it A fine spray cannot be applied so advaiit:igeously as a 
coarser one, nor can it be applied so rapidly for the reason that 
tlie finer the spray the less liquid is thrown, and tiie smaller the 
area treated. Wlieiiever the wind blows, a fog-like spray will go 
wherever the wind carries it, and not where tlie operator directs 



Fig. 86. — Potato sprayer ; the liquid flows by the force of gravity, and is spread by 
means of revolving brushes, BB ; ^4, rod attached to agitator ; T, tank. 

it- Sometimes this will be an advantage. Tt is especially so 
when the ^Yind is blow ing in the right direction. Yet when the 
other side of the tree is being treated the w ind will come from 
tlie wu'ong dir(?ction, and much of the material is blown where 
it is not wanted. In addition to this, the work is more slowdy 
performed, and wludher it is more tlioi'ougldy done than when 
a coarser spray is n.'^ed is still open to doubt. After having tried 
both kinds of sprays, it appears to the writer that if the parts to 
be treated are close by, a fine spray is to be preferred, as then 
there is less waste and an even application may be made. If 
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tlie parts to be treated are more removed, being situated from 
ten to tvrenty-five feet away, a coarser spray is wanted ; — the more 
distant tlie object, tlie coarser tlie spray. Tlie work can tlius be 
done much more rapidly, just as effectively (witli the e^fception 
of some ^Yaste), and much more satisfactorily, than by the use of 
a fine spray. In case a fine s}>ray is used, it is necessary to have 
a pole to carry tlie nozzle to tliC dilferent parts of the tree, and 
this is as tedious as it is unpleasant. When a coarser spray is 
made, there is generally fonned enough of tlie finer spray to float 
in the air and protect itarts which are not directly reached by 
the operator. 

The finest sprays are produced by tlie edily-chainber nozzles, 
and by those in wliicli two .streams of water strike eacli other 
at an angle. With sncli nozzles, tlie s[iray can he made as fine 
as desired, the size of the outlet orifice being the main control- 
ling factor. For long-distance work, wlnm the liijuirl is to be 
carried ten feet or more, tlie liest spray is formed when the fiuid 
is forced through two flat, parallel, metal surfaces. 'The greater 
the pressure, the greater will be tlie amount of flue spray and 
the farther will it he thrown. Altliougli the ideal nozzle has 
not yet been made in metal, some of the forms now sol<l are 
approaching perfection. 

All good spray machinery Is expensive, and only careless 
operators will neglect the ordinary methods of preserving it 
as long as possible. When the piiinj) has lieen used in applying 
any of the preparations mentioned in Chapter 1 V,, witli the ex- 
ception of clear water, it should he cleaned. Xo insecticide nor 
fungicide should be allowed to stand within the pump, Imt clear 
water should he pumped through it lieforc it is put awav. It 
is well to oil ail tlie working parts occasionally, as a little oil at 
times may prevent the metal from being cut, and the pumj) will 
be thus preserved nmcli longer than otherwise. Xozzle.s are also 
benefited by the same treatment. f)il can scarcely he used too 
freely on the inside of such apparatus, and an occasional coat of 
paint on the outside will assist materially in protecting the 
metal. The careless man pays dearly for his neglect. 



CHAPTER VL 

THJC ACTIO OF IXSECTICIDES AJS^D FUNGICIDES. 

SpRAYixCr has become a common practice with compar- 
atively few cultivators. The majority still waver when it 
comes to doing the work, hoping that they may gather good 
crops even if the operation is not performed. Very few have 
doubts of its value, but for one reason or another, at the 
last moment nothiiig is done. Cndoubtedly much of this 
hesitation is caused 1 \y the uncertainty whether as good 
results may be obtained by the novice as are obtained by those 
who have liad experience in the work. I know of a fanner 
who owns a young bearing orcliard, which almost every spring 
has promised an abundant hai vest; but when fall came and the 
lime for harvesting tlie crop drew near, the apples which still 
hung on the trees were so full of worms and so distorted by 
fungi that the profits derived from their sale were indeed 
small. Tlie man was so impressed by the good results of 
spraying as practiced by one of Ids neighbors who grows the 
same varieties of aj)ples, that in ISOd Jie finally made prepara- 
tion to s]>ray in earne.st. lie was advised as to the best 
methods of doing the work, and the proper materials were 
applied, yet at first he could not overcome the fear that his 
trees woidd not be just as thoroughly protected as others had 
been, and that in s]utc of the application the apples would 
turn out as tliey did in tlie past. But the fruit was fair, and 
his orchard will no doubt be regularly treated iu the future. 

Sucli doubts are needless. Brotection by spraying will be 
just as ('fficieut for one man as for another, and provided the ene- 
mies of the jdants are eipially serious, the results in one case 
will be just as marked as they are in the other, if a few points 
ar« observed. Without wishing to encourage carelessness in 
226 
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this matter, it may be said tiiat few of tlie fovnudas now in use 
will fail to be elfective even if tliey are slightly modi tied. 
The history of the several formulas need only he considered 
to show tliat this is the ciise. Sjnuyiug is not an exact 
science, and most of the metliods allow of considerable niodih- 
cation. Spray, by all means, if the crops ai'e in need of it, even 
though the advice of the e\'j)erienced is not always followed to 
the letter in regard to the best method of making the applica- 
tion or of preparing the materials. Follow such advice as 
closely as possible, but no serious consequences will result if 
slight deviations occur. Three points, lio\vever, cannot be too 
strongly enipliasized : 

First, be on time. Make an application wlien it will do the 
most good, and never allow that time to pass if it can possibly 
be avoided, Every delay is of ad^':ul(age to the parasite, and it 
will be iiseil so well that in most cases the injury cannot be 
repaired. The destruction of one insect may iiiesin the destruc- 
tion of hundreds, and one application made at the right time 
may mean, and generally does mean, the protection of a plant 
against millions of spores of fungi wljicli are endeavoring to 
gain a footliold. Be ready for action at a moment's notice, 
and when the moment comes, spray ! 

Second, be tliorongh. Wlien spraying a plant, spray it well. 
With a little care, a comphUe success may be obtained instead 
of only a partial one. When the work is finished, tin* grower 
should have the feeling that it is well done, and then no fear as 
to the result need be entertained. Spraying is not always 
pleasant work, and the temptation to slight it is often strong; 
but the operator will be lewiirdeJ just to tlie extent to which 
lie has been painstaking, and to that extent oidy. 

d'hird, apply spray.s intelligently. This is really tlie ino.st 
important factor in the work, although good crops can be 
obtained without it, pruvirled directions are followed. 'I’lie 
first two points cannot lie neglect eil without injury to the 
crops, but this one can lie. d'he crop is in need of the ap]tlica- 
tions only, but tlie grower should know tlie reasons for them, 
and .should be in a position to modify hi.s treatments .'^o as to 
make them conform with the chiiractcr <;f the insect or the 
disease which is being treated, and with the season. Every 
year and every day .such knowledge will be of value, -‘■’j 
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many things are still unknown, and so many points still in dis- 
pute, that personal knowledge and judgment about individual 
cases are not only desirable, but are very essential. Directions 
covering tljc majority of cases can be given, but now and then 
one will coinc up which seems to differ from all others, and it 
is then that this knowledge will prove most valuable. A few 
of the general principles upon which this work rests are men- 
tioned below. 

The principal organisms against which the cultivator has to 
contend arc insects and fungi. 'They are widely different in 
tiieir organization, and entirely different substances are required 
for their destruction. Any substance which is used to de.stroy 
or repel insects may lie termed an insecticide; and any sul> 
stance wliich destroys fungi, or which prevents their injurious 
growtli on vegetation, is a fungicide. Xo substance, so far as 
known, will answer botli purposes equally well. 

T, Upox Ixskcts. 

Practically all the ap])lications which are made to destroy in- 
sects are designed to act in one of two ways. The substance may 
be desline<l to enter (he digestive system of the insect and thus 
cause deatli, just jfs many p(»isons cause death when taken hito 
the stomachs of higlier animals. This method is by far the 
cheap(.‘st, and when ]U)ssible it i.s advisable to make use of it. 

The second method <loes not consist in putting poison on 
the food of the insect, but the material is put directly upon the 
insect itself. It then causes death oitlier by stoiiping up the 
hreatliing ]iores, or it p(meti'ates the outer coverings and so 
enters tlie l>ody directly. 'I'liis method cannot be used with 
success against all insects, ns some have very tougli and dense 
coverings whicli are not readily jxmetrated by any material that 
we can use for the purpt)se. Ileetles, for example, can scarcely 
be destroyed in this manner. Put all soft-bodied imsccls, such 
as apliide,s, worms, and caterpillars, yield readily to the treat- 
ment if sufficient inatei ial comes in contact with their bodies. 

'riiis metbod of killing insects by means of substances wdiich 
cause deatli merely by penetrating the creature’s body, is rather 
expensive, ami it is resorted to only when the pest cannot be 
Ijj^ated hy poisoning its food. It thus comes that most worms 
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and caterpillars are destroyed by means of poisons which are 
eaten, though they yield to tlie otlier treatment equally well. 

The food of many insects, however, cannot be poisoned, since 
they feed upon the juices of plants and do not eat the external 
coverings. It is fortunate that most of tliese insects have soft 
bodies, so that they yield readily to treatment if the poison 
comes in contact with them. Their mouth parts are formed for 
penetrating the external coverings of plants to a depth siifli- 
cieiit to reacli the sap ; just as the mosquitoes’ bills are in the 
habit of penetrating human kind. All aphide.s belong to this 
class, as well as the true hugs, these liaving month parts which 
are adapted to suck, but not to chew. The utter irselessiiess of 
covering a plant with poisoirs to protect it from these pests 
will readily be seen. Xo matter how thick tlie poison may be, 
the insect’s beak will penetrate this poisonous layer, and it 
will take no food until the beak has i)assed tlie limit of the 
poison and is deeply buried in the tissue.s of the plant. 

From the above it will be seen tliat: 

(fi) To destroy chewing insects, .such as the potato beetle, 
poisons must be evenly distrilnited over tliose parts upon whirk 
the insects feed^ and this may in some ca.ses be done even before 
the insect is present, or is visible. Only those poisons wliich 
cause death after lieing eaten should be used. 

(6) To destroy sucking insects, .such as plant lice, the ma- 
terials must be distributed upon the insects as evenly as possi- 
ble, and it is useless to make any a])plication before the insect 
has appeared. Only those poisons whicli kill by coming in con- 
tact with the insect’s body sliould be used. 

First determine what kind of a pest it is that needs treat- 
ment, then select the proper material from among those men- 
tioned in Chapter IV.^ 

IL Upox Fuxcii. 

Among fungi we find many serious enemies. It i.s difficult to 
tell just what a fungus is, but some of the principal character- 
istios may be mentioned. A fungus is a plant ; but unlike 

* The complete transformations which many in.sects iinderj^o before maturing 
are as follows: («> the egg; (h) the larva, grub, or caterpillar; (c) the pupa o’^- 
chrysalis ; {<i) the imago or matured adult Insect, 
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flowering plants, it possesses no chlorophyll, Chlorophyll is the 
green-colored protoplasm found in flowering plants, and it is the 
only substance we know through wdiich plants change crude food 
to nutritive material. We must conclude, therefore, that fungi 
do not prepare their own food, but feed upon organic matter 
which is already adapted to their wants. They possess no 
leaves, flowers, nor seeds. That part of any fungus which is 
of most interest to the horticulturist is composed of long, fine 
threads, either growing separately or in bundles; these threads 
are known as hyph,T, and collectively they form the mycelium 
or vegetative portion of the fungus. The niycelimn corresponds 
to the roots and stems of flowering plants. 

Spores, which are organs performing the same office as the 
seeds of flowering plants, are produced by this mycelium either 
directly, or upon brandies (sometimes called sporophores) which 
are thrown out. These sporojdiores cause the white downy 
appearance seen upon grape leaves affected with the downy 
mildews A spore, strictly speaking, is not a seed, for a seed 
oontaims a young plant, wiiile a spore does not, being usually 
composed of only one cell. If a spore finds the proper condi- 
tions of heat and moisture it will germinate and send out a 
fine filament, which, if nourished, grows and branches, and 
eventually a plant like the original will be produced. 

Most fungi in the Xorth produce two kinds of spores, known 
as tlie summer and liie \y inter spores. The summer spores are 
usually borne upon tlie exterior of the host-plant, or the plant 
on wliich the fungus growvs. These spores ripen quickly and 
propagate the fungus rapidly. But if they do not germinate 
soon after ripening they lose their vitality. 

The Nvinter spores are usually produced w ithin the tissues of 
the host-plaiit, commonly in the leaves and fmit. They are 
the spores winch live through the winter; but in the spring, 
under favorable circumstances, they germinate, and thus the 
fungus is again developed. 

Fungi may be divided into two general classes: those grow- 
ing upon dead [ind decaying matter, or saprophytes; those feed- 
ing upon living tissue, or parasites. By far the larger portion 
possessing interest to the horticulturist belong to the latter 
class, for in this are included the fungi which do so much 
^jury to cultivated plaiils. 
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Yet all parasitic fungi do not attack tlie host-plant in the 
same manner. Soine immediately pnetrate into the interior 
tissues, and there they tlourislij being well protected from outer 
iniliieuces by the exterior eo\ering of tlie jdant. 'fhe fungi 
causing all tlic more serious diseases develop hi this inaaner, 
and in fact the vast majority of plant <lisease.s are caused by 
such organisnis. There are others, however, in which the 
body of the fungus is almost entirely upon the .surface of the 
host-plant, only a comparatively small number of tlireads pene- 
trating the tissues in order to obtain nourishment. These 
paiusites can be rubbed off, ami niile.ss the att:ick has been 
very severe, the green, healthy tissue will be seen underneath. 
This class may for convenience be termetl “surface fungi,” to 
distinguish them from those whicli grow within the liost-[>laiit ; 
it is represented hy tlie common powdery mildew of the graj^e, 
one mildew of the goose her ry, one of the .strawberry, and a few 
others. 

The life histories of the various fungi must form the basis 
for any methods of treatment wliich may be adopted. During 
certain stages of their existence. ]>arasitic fungi may be cliecked 
quite easily, and at such times the ivinedies should be applied. 

It is e\'ident that when u fungus has once Itecome estaldished 
inside the iiost-plaiit. it cannot lie readied willioiit destroying the 
tissues of the host iu tht‘ aff'ei’ted places, which is hy no means 
desirable. The fungus must he destroyed hefore it enters the 
host; ill other words, the spores iiinst lie kilh'd as soon as tiiey 
germinate, or better, they must not be allowed to germinate. 
All applications must lie not curative, .since a cure 

is practically impossible wlien tli<‘ fungus is once established, 
unless it grows ujion the surface of the liost. 

The line of treatment indicated is this: to cover the stems 
and foliage of the cultivated plant witli .some snlistance that 
will destroy the spores which may lie present, as soon as they 
germinate, or witli one tliat will have the power of prevent- 
ing this germination. If that is done, the [>lant will remain 
healthy, so far as fungi are concerned; otherwise it will not, 
unless, indeed, no fungus attacks it. .Several Huhstaiices which 
destroy these s|X)re.s, a.s well as the surface fungi, liave already 
been found. They are easily applied, .safe, and effective, and 
any grower who suffers his fruit to be ruined by these para-^ 
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sites is, as a rule, deserving of his loss, for means of destroying 
the pests are at his command. It is largely the grower’s fault if 
his apples are scabby, if his grapes are mildewed, and if his 
potatoes rot in the Held. Spraying is no longer an experiment, 
it is a necessity; and those who recognize this fact are the 
ones who are reaping the rewards. 

III. Upon the Host-Plant. 

Insecticides and fungicides are applied solely for their action 
upon the organisms it is desired to destroy, since in other respects 
most of the preparations possess no value. If properly applied 
they are harmless to the ])Iants, and should not in any way 
interfere with their proper growth nor with the sale of the 
products. AVlien some of the mineral preparatiojis, however, 
are too freely used late in the season, the appearance of the 
crop may reduce to a considerable extent its market value, 
although tlie product may be still as wholesome as if untreated. 

Feav.s liave also been entertained that some siilistaiices are 
dangerous even wlien not visible, on account of their effect 
upon the crop, which was supposed to l)e y>oisoned. This sub- 
ject was well agitated wljen I^iris green and London purple 
hegan to be commonly used in tlie destruction of the potato 
beetle. Jlany analyses were made, but no arsenic could I>c 
found, either in the tubers or in the jiarts above ground, and 
soon all fear of arsenical poisoning disapj^eared. and potatoes 
treated with the arsenites were used without (question. Another 
equally groundless objection was raised in England regarding 
Ameiicaii apples which had been sy> rayed for the canker-worm 
or codlin-moth. It was said that the bloom found on American 
apples consisted largely of the arsenic which had been applied 
to the trees to de.stroy insects, and tliat such apples were unfit 
for use. These reports liave led to many chemical examina- 
tions of sprayed fruit, and only in rare cases has even a trace of 
arsenic been found. It is only when very late applications are 
made, sueli as are utterly useless, that any of the poison is found 
upon the fruit, and then the quantities are so minute that they 
could in no way cause injury to the consumer. 13 ut even though 
all the poison sprayed upon the apples in making necessary 
t^jeatmeuts should remain there undistui-hed, a person would be 
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obliged to eat at one meal eight or ten barrels of the fruit in 
order to consume euoiigli arsenic to cause any injury. As a 
matter of fact, liowever, the poison all disappears during the 
gro^vth of the apples, and these are as wholesome as if no 
treatment had been made, or even more so. 

Similar objections liave also been raised in the case of grapes 
sprayed with the Bordeaux mixture. In the fall of 1891, the 
board of healtli of New York city seized con.siderable quantities 
of grapes which showed the presence of Bordeaux mixture, and 
threw them into the river. The following report of the board 
appe tired after an investigation had been made : 

*• 1. A copper salt is found only ujxm a very small part of the 
grapes offered for sale, and the grapes which are to be avoided 
are easily recognized by the greenish-colored substance upon 
the berries and stems. 

“2. Whenever the .substance is apparent upon the berries or 
stems, the grapes should be washed before they are used as 
food or in tlie mamifacturc of wine. 

*• -i. The board urges all dealers and consignors in this city 
to advise shippers and consignors of gnqies to seiul no more 
grapes to the market upon which tlii.s substance is apparent. 
The board furtlier states that it (lo(^s not olqeid to tlie use of 
Bordeaux mixture as recommended by the ]>i()per autliorities; 
but such mixture, or any mixture containing poisonous sub- 
stances, slmuld not be sprayed or otlierwise placed upon the gra]x>s 
immediately before or after they have matured, and sliould not 
appear upon them when sent to market or offered for sale.'' 

This subject is equally interesting from a hygienic stand- 
point, for whether grapes are stdd in the open market or not, 
their effect upon the consumer should be understood. 'I’he 
following paragrapli is a clear and concise statement of the 
facts bearing upon the question “ Accepting, then, O..”) gram 
as the maximum amount of copper in any of the forms dis- 
cussed that may with safety he daily absorbed, let us see how 
these figures compare with the quantity of this metal found 
in connection with properly sprayed fruits, as well as some 
other foods and drinks. Analyses to determine tlie amount 
of copper in sprayed grapes have been made in (lennany, 
France, America, and other countries. The results of all these 

^ E S. Dtpt. Afjric. Farmer^' BuUtiin No. 7, 19. 



The Effect ujjoa the Host^Plant. 


233 


show that grapes sprayed intelligently rarely contain more 
than 5 milligrams (0.005 gram) of copper per kilogram, the 
average being from 2^ to ti milligrams per kilogram. In 
otlier words, 1,000,000 pounds of grapes sprayed in the usual 
way with the Bordeaux mixture would contain from 2^ to 5 
pounds of copper. To reduce the figures still further, each 
1000 pounds of fruit would contain 17.5 to 35 grains of copper. 
On this basis an adult may eat from 300 to 500 pounds of 
sprayed grapes per day without fear of ill effects from the 
copper. Tins shows how ridiculously absurd are the state- 
ments that fruits properly sprayed with the Bordeaux mixture 
or any other copper compound are poisonous.” 

d'lie effect of applying soluble arsenic upon foliage has been 
considered on page 117, but there .still remains a point in regard 
to the injury done l)V arsenical poisons to animals consuming 
the grass beneath. Brofessor Cook has carefully experimented 
in this direction, juid his re.sults are so conclusive that they are 
liere given in full : “ In tree Xo. 1 a thick pai>er was placed 
under one-half of a rather .small apple tree. The space covered 
was six by twelve feet, or seventy-two square feet. The paper 
was left till all drip])iiig ceased. As the day was quite windy, 
the dripping was ratlier excessive. In this case every particle 
of tlie ]H)isoii that fell from the tree was caught on the paper. 
111’. U. V. Keilzie analyzed tlie poison and found four-tenths (.4) 
of a grain [of aiseniej. Tree Xo. 2 was a large tree with very 
thick foliage, rndenieath this tree was a thick carpet of 
clov(!r, bine gi’ass, ami timothy just in bloom. The space cov- 
ered hv the tree was fully sixteen feet square, or equal to two 
liundretl and iifty-six sipiare feet. As soon as all dripping had 
ceased, the grass under the tree was all cut very gently and 
very close to the ground . Tins was taken to the chemical 
laboratory and analyzed by Hr. 11, G. Kedzie. There were 
found 2.2 grains of arsenic. Now, as our authorities say that 
one grain is a poisonous dose for a dog, two for a man, ten for 
a cow, and twenty for a horse, there would seem to be small 
danger from pasturing our oreiiards during and immediately 
after spraying, especially as iio animal would eat the sprayed 
grass exclusively. To test this fully, I sprayed a large tree 
over some briglit, tender gra.ss and clover. I then cut the 
clover carefully, close to the ground, and fed it all to my horse. 
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It was all eaten up in an hour or two, ami the horse showed no 
signs of injury. Tliis mixture, remember, was of double tlie 
proper strength, was applied very thoroughly, and all the grass 
fed to and eaten by the horse. Tliis experiment was repeated 
with the same result. I next secured tiiree slieep. I'liese were 
kept till hungry, then put into a pen about a tree under which 
was rich, juicy, June grass and clover. The sheep soon ate the 
grass, yet showed no signs of any injury. This experiment was 
repeated twice with the same result. It seems to me that these 
experiments are crucial, and settle the matter fully. The analy- 
ses show that there is no danger, the experiments contirni the 
conclusion. 

“ Thus we have it demonstrated tliat the arsenites arc effec- 
tive against the codliii-moth, that in their use there is no danger 
of poisoning the fruit, and when used pioperly no danger to (lie 
foliage nor to stock that maybe pastured in the orclianl.”^ 

The danger following the use of copper com pounds on foliage 
is naturally even less than wlieu a form of arsenic is applied. 
One case is on record in which pf)isoniiig has followed when 
grape foliage was eaten by sheep, this having been sprayed 
with tlie Bordeaux mixture.- Since .spraycil foliage is probably 
never fed regularly to stock, there nee«l be no eaus(‘ of apjtre- 
liensioii in this respect. 

The extent to wliich copper is ai)s()rbcd by ffdiage still 
remains an o}:)en question. The researclics of Millardet and 
Gayon show that a cerUiin amount of copper i.s absorbed ami 
retained by the cuticle of t)ie leaf.® The investigations of 
Ilunim, however, shrnv that .such is not tlie case."* If the 
copper is actually absorbed the (juantities are exceedingly 
minute. That it possesses a .stiiiiulaiiiig action upon foliage 
is also doubtful. Time may have .such an effect, since .several 
cases are on record in wliich the application of Bordeaux mix- 
ture produced a greener apiiearance of the healthy foliage. 

1 A. .t. Took, Amt. Uipt. Mich. Kd. Ayric. Issll, SiO, 

* WUntr Landrc. Zty. 4ti4. 

^ d' Ay. Prnf. Jan. ii7, nJJ. and Frb. ir>6. 

‘‘•Ptber fli« Wirknnt; drr Kupfsrpraparato Ijti Ikkainjdiinff dor !»nj;onanntoi) 
Blattfallkrankhoit der Woinrebo.'* li^r.d. iMnl. Hot, Gck ltd, 11, Hoft !i, 
79-S;3; PAd. lleft 7, 44.V4.r>. See. alx/, aflvt'oo critiral revif^w by Ziiininrnnartn 
in Brd. Ceniralhl. IS'j:}, No. 3bS ; Nos. 20, Se. 110. 120; and Adcrnoltl in BM- 
ZAt. No. n, 1593, 162. Cited by Fairchild in Bull. 0, Soc, Veg. Path. V. S. Dfpt 
Agric. 27. 
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The benefits derived iiave not yet. been fully determined. It 
has been estimated that the germination of spores of certain 
fungi may be prevented by solutions of lime containing 1 part 
to 10,00(1 of the liquid ; or iron sulphate, 1 ]-iart to 100,000 of 
water ; or copper sulpliate, 1 part to 10.000,000 of waterd This 
readily explains the energetic action of the copper compounds, 
and why .such small amrnniLs may be applied to advantage. 

For further information concerning the action of copper 
sonipuuiids w^hen applied to plants, consult R. Otto, “Unter* 
suchuiigen fiber das ^'erhalten der Pflanzenw’urzeln gegen Kup* 
fersalzlbsnngen’’ {/Cf^itschrift fur Pfunzrnkrnrd-lieitf.n, Bd. iii. 
ISOO, lleft 0). The ])lants studied in these investigations 
were Pkaseolus ful/juri'i, Zea d/uys, Pii^um mtmim. It was 
found that C(jpper exercises a poisonous influence upon the 
plants, it interferes with the development of the roots and 
lessens the activity of the functions of the plant, or kills the 
latter outright, whem the roots of the plants are growing in 
more or less concenti'ated sohitions (.)f copper sulphate.” It was 
also found tliat practically no cojq'Kjr was absorbed by the roots, 
and the jiarts above ground were entirely free from the metal. 
JSec review in BoUvd^rh'ii CtntmlhloU. ISfid, \(A. 55, d40-d4:2. 

See also, A. Tschircli, “Das Kupfer voin iStandpunkte der ge- 
riclitlicheu Chemie, 'roxicologie, uud Hygiene. Mit besonderer 
BerUcksii^htigung <ler Reverdissage der Conserven und der 
Kiipfening des Weins mid der Kartotfelu.” Jstuttgart (F. Eiike), 
189:h 'The entire question of the use of copper compounds 
upon cultivated plants is tlioroughly discussed by the author. 
In general liis conclusion is. “to remove all copper from articles 
of diet means forbidding the plant to absorb it from the soil, 
and also considering as injurious to health the use of bread and 
chocolate.” See Bntnuisrhes Ceninilhlutty 181)3, Vol. oo, 170-175, 
for a detailed review of the work. 

IV. Upon the Soil. 

Doubts have been very frequently expressed as to the final 
Outcome of tlie contimml addition of insecticides and fungicides 
to the soil, it being supposed that the roots of the plants as 
v^ell a.s the soil itself would eventually siifter. Scientific inves- 

* Millwdct et Gayon, ./owr. iVAg. Prut. 18S5, Nor. 12, “07. 
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tigation Las shown these fears to be groundless, as it has so 
many other doubts formerly entertained. The following ex- 
tracts should prove sufficiently convincing even to tlie most 
skeptical : ^ 

“Former analyses of unsprayed top soils of tlie station farm 
have shown no trace of copper in their composition. Recent 
analyses of top soils taken from an old potato field which has 
received many applications of Paris green (an aceto-arsenite of 
copper), show from three ten-tliousandth.s to tliree and one-third 
ten-thousandths of one j>er cent of metallic copper. Analyses of 
top soils from a portion of the same field to which Bordeaux 
mixture was applied last season for the potato blight show 
four ten-thousand tlis of one per cent of metallic copper, equal 
to about sixteen ten-thousandths of one per cent in the form of 
copper sulphate. English \Yriters frequently speak of using 
from L“J to IhJ pounds of copper sulphate per acre in one .season’.s 
application of Bordeaux mixture for potato bliglit. To impreg- 
nate such soil as that which was used in the above analysis to 
the depth of one foot with one per cent of copi>er sulphate would 
require about pounds of the sulphate, wbicli, if a])plied 

at the rate of *10 pounds a year, would require in its application 
nearly 1100 years, provided tliat none of it escaped in drainage.” 

Some experiments conducted by Bailey in 1S05 indicate that 
practically no danger is to be feared from very heavy applica- 
tions of arsenites to soil. Ills conclusion i.s as follows: ‘"The 
arsenic which falls upon the soil seems to become or to remain 
in an insoluble condition, and jKisses downward, if at all, to a 
very little distance, and then only by the meclianical action of 
water in carrying it through spaces in tlie soil.”- 

The results obtained by a careful European investigation ^ 
are also inserted here, that the subject may be viewed from 
different standpoints. The only conclusion to be drawn from 
these extracts is that proper applications of insecticides and 
fungicides will apparently never cause any ui)preciable injury 
either to the root.> of plants or to the soil : 

“ 1. Soluble copper salts are injurious to plants; the injurious 


^ Beach, Country GfnUfmttnf 1S92, fiS. 

» Corndl Ayr ic. Exp. Sin. BdI!. 101, r»02. 

^ Ha'ielholT, " actien of solutions of the sulphate ami the nitrate of 

copper upon soil ami jilariLs,'' LnndirirthkchtijlUrhi Jahrbuchtrt 1&&2, 272-276. 
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action begins when 10 milligrams of copper oxide are present in 
1 liter of water, but when only o milligrams per liter are present 
no marked effects can be seen. 

“ 2. If solutions of copper sulphate and of copper nitrate are 
applied to soils, the plant food present, especially lime and 
potash, are dissolved an<l washed away; the copper oxide is 
absorbed by the soil. As a result of these two processes, the 
fertility of the soil is more or less decreased. 

“ 3. Barley and oats suffer more than grass from solutions of 
copper sulphate and copper nitrate; copper sulphate is more 
injurious to corn than to beans. 

“4. The injurious action of copper sulphate and copper 
nitrate is counteracted if an excess of the carbonate of lime is 
present in the soil. But as soon as this excess has been acted 
upon, the injurious processes take place in the same manner as 
in soils in which no lime is found." 

V. Unox THE Value of the Crop. 

It is scarcely necessary to enter into details regarding the 
benefits <lerived from proper applications of insecticides and 
fungicides. Experiment stations and private growers have 
many times demonstrated that tlie market value of the product 
is increased to such an extent that the cost of materials and of 
labor is returned many-fold to tlm grower, whenever proper 
applications liave been made. Indeed, the conditions now are 
such that it is as necessary to spray certain crops as it is to cul- 
tivate them. Doubts are no longer entertained concerning the 
treatment of potatoes with arsenites ; the operation is generally 
performed as one of the regular duties in obtaining a crop. The 
majority of the best apple growers liave come to feel the same 
concerning apples. They spray with insecticides for the codlin. 
moth and other insects, and with the Bordeaux mixture for 
fungous diseases. The operations have passed the stage of 
experiment, and are now considered in the light of a necessity. 

Ihe grape, is another striking illustration of the same truth. 
In many sections, especially in the southern states, it is practi- 
cally impossible to obtain a sound crop on account of the abun- 
dance of fungous diseases. There it is not only a question of 
profits, for it is difficult to obtain any crop whatever. Peaches, 
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pluiiij!, cherries, quinces, all the si mill fruits, and many vegeta- 
bles, will generally repay proper treatment. 

A secondary benetit is also dei'iv»*d in those protliicts which 
are .stored. L'nsonnd fruit will not keep, for decay generally 
begins in a part which has already been' injured. It has been 
said that sprayed fruit will keep longer than that which has not 
been treated, esen thoiigli botii are fiee from blemishes. The 
question is open to doubt, however, .since no decisive experiments 
have yet been made. But the more nearly perfect the stored crop 
is when put in, tlic longer it will keep and the greater value it 
will possess, otlier conditions lieiiig equal. 

It must not be inferred from the [>reeeding remarks that all 
crops siiould be sprayed. Tlie question “Dues spraying pay?” 
ean best lie answered by tlie g!'0\\er, and lie must be liis own 
judge regarding the advisability of treatments. Let the question 
be conshleied from the proper standpoint and the matter will lie 
simplified, 'i'lie final lest in regard to the making of treatments 
may be stated in this form : does the ditfereiiee between the mar- 
ket value of sound fruit, and the value of the product obtained 
when no treatments are niadt*, warrant the expense of purchas- 
ing materials and the labor of making the ajiplications? The 
grower knows the price received for his crop; he also knows the 
price paid for [lertVct or fancy cr<)j»s; the difference, between 
tlie two. so far as injuries from iiisccisand fungi are concerned, 
shows to wliat extent the crof) may l»e bein-lited by treatments. 
It is then a simple matter to detei iiiine if the applications will 
]>av. It will lie noted that little question regarding the etliciency 
of tlie applications is here entertained. It is taken for granted, 
and with good n-asnii, tliat propei- treutmemt must produce the 
desire<l result. The aisenite-s will destroy all chewing insects, 
with scarcely an exc^qilion, and tlie copper conqionmls will jire- 
vent injury from most fungi; these are estahlislunl facts, but 
it remains for the grower to aiqdy thmn. There probaldy 
exists an economical nmic-dy for eveiy disease of jdant.s; Die 
vast majority of tiu'se diseases are now nude?- control, and 
although a few olistiuate cases still exist, the fut nn^ iseneourag* 
ing when we consider tlie progress made in the jiast. Intelli- 
gence, knowledge, and good jndgmmit, when assisted by in- 
secticides and fungicides, w ill prove more than a malch for 
these organisms whicii [>rey upon the [uoducts of man's labors. 
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AL510XD. 

Fuxgol's Diseases. 

Leaf Blight; Almond Disease {CercoRpora circumcl^m^^^cd.'). 
— D<':icriplioih 'ri)is disease is especially .serious in California, 
the trees often being practically defoliated during the sutuuier. 
The fungus attacks the leaves and the stenus. Upon the 
former it pioduces small circular spots, the diseased areas 
being more or less restricted by the small veins of the leaves. 
The spots are about an eighth of an inch in diameter, and 
upon tile death of the tissue the discolored areas fall from the 
leavp.s, cansiiig an apjKnii'ance .similar to that of the shot-hole 
fungus upon plum foliage. Diseased stems also show distinct 
spots of circular or oval outline. The dead tissue soon falls 
out, producing a pitted appearance on the surface of the af- 
fected twigs. 

TreatmHl. N. Ib Pierce, who has thoroughly studied this 
disease, recommends spraying the trees with the amnioiiiacal 
carbonate of copper, making the first application before the 
trees bloom, the second when the trees arc in full leaf, and 
the third four weeks later.^ 


^ Galloway, Anil. Jiej), V. S. of Agric. 1S92, 232. 
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APPLE. 

FUXGOrS l)l!>EASKS. 

Bitter Rot; Ripe Rot {Olmi^pavlum f)'((ct}<)ennm^ Bevk. Q. 
versicolor /). — Descripdui). Ap[)les an' nt'teii st'rioiLsly injured, 
esj.>ecia]ly in soino ot‘ the southevn states, by a rot :vlilcli causes 



ST. — Thf liit(<T-nil itf 

a softening' of the tissues of tlu* fruit, and (dnuis^es tlieni from 
their noniial color to a In-own d7). 'I'lds rot takes fruit 
at any .staee of its ^n)wth from the time It Is about three- 
quarters of an incli in diameter until it i.s ripe/'^ It is by 

1 Carman, Ky. Ayrh. Kvi>. Sin. Is'JS, Bull, 44, 4. 
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no means uncommon in the northern states, and appears to 
be particularly destructive to the earlier varieties. Karly 
Harvest, Sweet Bougli, and others are very subject to tlie dis- 
ease. Any part of the apple may be first attacked, and when 
the fungus has once gained a footliold it spreads very rapidly. 
The older portion, or tlie part iii“st attacked, soon })ear.s small 
black pimples, anri it is saiil that the tissue beneath them has 
an exceedingly bitter taste, wliich has given the disease its 
name. 

Treatment. Harman^ recotumends the use of Bordeaux mix- 
ture for preventing tlie. development of the disease. He obtained 
the greatest benefit from applications made as follows: First, 
before the leaves expanded; second, soon after the apples had 
set; third, about fourteen days later; fourth, four weeks after 
the preceding, fii this manner “ thirty-one and oiie-sixth per 
cent of the whole iiumher of a[»ples borne by the sprayed tree 
during the season were .slaved from the rot.^’ 

The distuise has also been successfully treated by the use of 
the sulphide of j^tassinm. The aminoniacal carbonate of 
co|>[>er gave similar results. These last experimeut.s arc inter- 
esting from th(‘ fact that the first application was not made till 
about the middl<i of August. Farlier applications are, howower, 
advisable. 

Black Rot {S})}i(rruj>sh matorttm. Berk.). — Drsrripiion. Tlie 
external characters of this diseasi* are practically identical with 
tho.se of the Bitter Kot. I'lie remedies to l)e used are also the 
same. 

Brown Rot. See under Cukury. 

Powdery Mildew (Po(fo.y)}ia>m Ofiiranthr, DeBarv). — 
fion. 'riii.s fungus attacks the foliage of voung apple seedlings 
very soon after the unfolding of the leaves, and continues 
its growth throughout the summer, very nmeli weakening the 
plants, and making tliem unfit for hmhling purposes. The dis- 
ease is especially serious in the southern states. The affected 
leaves have a grayisli appearance wliich is caused by a powdery 
substance. 'I'liis gray powder consists of the parts of the fungus 
which project heyuml the leaf tissue. The leaf soon dries and 
is rendered wortlilcss. 

'i'i'eatrnent. The trouble has been successfully controlled by 

’ Ourtoati, A'y. Af/ric. IS93, Bull. 44, 5. 

R 
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tlie Section of Vegetable Tatliology at Washington, and the 
folloudng are Iho conclusions ivacluHl: ^ 

“ 1. The disease can lie elTccinally prevented by the applica- 
tion of the amiuoiiiaeal solution of carbonate of copper. 

‘•*2. In the nursery tlie total on.st of the Ireatiueiit need not 
exceed twelve cents ptu' 1000 trees. 

‘•d. The first apiOieation should be made wlien the leave.sare 
about oue-third grown, and sliould be followed by at haist live 
others at intervals of ten or twelve rlays.” 

Rust {Ua^liVm pirnia^ 'I'liax., and Upmnoaporaafiwn uuuu'npuy^ 
Link.). — Dc}!criptio}u ’I'he fungus which causes the rust of 
apples is one of the most peculiar in which tlu' hovticiill urist 
is interested. Unlike many fungi, tliis one lives u[n.)u two host- 
plants during its enuvse of Orvelopnumt, These host-plants are 
tlie apple, and the cedar or junipei-. There are prohahly several 
.species of rusts wliieh attaek enltivaliul apitles,-lmt the, histories 
of all are essentially tin* same. The must couimon one is now 
supposed to he Ii<(st>dl<t pinit<u 'fliax.'' 

The elh'Cts of this fungus u]H)n tin* ajtple are first noticeable 
during tlie latter juirt of May, or in early .lune. 'Die leaves are 
then dotteil with hi'ight yellow s[iots, tlie so-called rust; tlie 
fruit is also attacked aViout tiie same time. Such fruit becomes 
worthless, as the growtli is increased at the diseaseil point, and 
the swollen part ]irodnces spores, which ruins tin* a]>ples. S]iores 
are al.-o produced u[)on tie* uinler siile of the leaves. Tliey a[»- 
pear and ripen during mirlsnmmer, 'fliey will not germinate 
and grow upon cither the leaves or fruit of the apjile, hut tlnw 
will develoj) the fungus upmi tlie cedar, 'fhei'e the mycelinni 
enters tlie tissues, and as gisjwth advances, enlargements appear 
U[)on tlie branches of tluj tree. Such swellings, or •* cedar-apples.” 
as they are called, are from lialf an inch to almost two incliis in 
diameter: they become full grown early in .spring. I)iiring 
April and May, horn-slia['i‘il luasM's an inch or mon* in Icngtli 
are produced by the eedaruip]ilm 'fhey are of a hiiglii yellow 
color and can readily he seen among tlio green liranclie.s of the 
cedars. 1,'^pon these soft, yellow bodies the spores are borne; 
these spores will not grow upon cellars, but only upon the leaves 

* Ann, Ii*p, r, S, Cow, 

* Uynin I). Ann. T, ,V, A^rh-. 

® i5crlt>tier, “ Fungous ot'thi.' Oraju; iiml otficr IMaiils,” bW, S4. 
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or fruit of the apple. They ripen in spring, and consequently it 
i.s at tliis season of the year that the apple trees must be pro- 
tected. Unfortiinatfily, wlieti a tree has once become infected, 
it seems tliat the rnyceliiiiri of the rust may remain in the buds 
ami branches for years, and in the spring when the young leaves 
liave formed, tlie characteristic yellow spots may again appear, 
although no new infection lias taken jjlace. The disease is 
sometimes so serious that the trf;e loses all its foliage, and this 
alone would ruin the crop, although the apples themselves may 
not he attacked. 

Tcmtiiteul. It is ditficiilt to combat the apple rust successfully. 
Since apphi trees are attacked by spores which are produced upon 
cedar trees, it riaturally follows tliat by removing all cedars we 
also remove the source of the disease. Cutting and burning 
the c(‘dar-apples before the appearance of the yellow horns will 
answer the same purpose. In many cases, however, sucli a 
course is inqnaeticable on account of the abniulancc oi the 
trees, Scribner advises ^ the removal of all badly diseased trees 
in the orclund, as well as tlui worst branches on trees ^^hich are 
not seriously attacked, 'i'lien, to ]u“evf‘nt further injury from 
the fungus, spray botli larg(‘ and small trees with some good 
fungicide, as the Ilovdeaux ir.ixture. The applications should 
he ma<le as soon as the first knives appf'ar. 'Ihvo applications 
sliould be sutlicieiit, the second one being made eight or ten days 
after the first. During rainy seasons it may be well to repeat 
(li(‘ operation a third time, d'he ])laiiting of resistant varieties 
is one of the best nietliods of escaping the disease. See Quince. 

Scab {f'lisicldiliuDi flt'ixIritirmiK Vckl.). — J)(.<rripfi(m. This 
fungus attacks the fruit and the knives of both apple .and pear 
tree.s. (^011 the fruit it forms dark, circular spots, the largest 
being about half an ineli in diameter (Fig. These spots 
are oflmi closi^ iogetlu'r or unite to form surfaces which may 
extend over a considt'rable area, d'lie cmiters of the spots are 
dark lirown or black in color, but at the edges there is a light 
gray or white circkn This appearance is due to the separation 
of the outer skin, or cuticle, from the tissue beneath. When 
the diseased area is large, it gcmu'ally cracks, and then the 
hard, l^rowii ti.'isue within the a]^ple may he seen (Fig. df)). 
(Irowih is cl locked in the diseased portions and the fruit is 

1 Orchard and Garden, Vvl. xii, July, 134. 
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usually one-sided, sometimes to such an extent that the blossom 
end and the stem are close together. Isolated spots do not 
serioush’’ injure the apple, hut i’reipiently its market value is 
thereby considerably reduced. 

The appearance of the disease upon the leaves is similar to 
that upon the fruit, but the light-colored edge is wanting. The 
parts attacked are circular or oval, and where sevtu al spots have 
run together the outline is irregular. The first indication of 
the presence of the fungus on the foliage is the appearance of 



Kk;. li". — Full liv seal). 


small, light given areas wliicli an^ easily distiiigiiisIuMl when the 
leaf is held up to the light. In a lew days the central portions 
of these areas become raisecl, causing the It-af to lie(‘otiie more 
or less flistorted. 'I’lie color at tin- same fiiiM* changes to a dull 
brownisli-hlack. wliicli is ]ilainly visible u])oii tlie upper side of 
the leaf. This causes the leaf to curl, the concave or Imllow 
side being imderiieatli : the etlg^'s of the leaf often hecoim; 
hr()wn and torn. ( For c<dored plate of .scab, see ( 'fn'tirll ihtll. '^1.) 

The scab is undoubtedly the most serif ms fungfuis flisfuise 
with whicli the apple grower has to contend. No other di.sease 
annually ruins .suc’h a large }>f‘rc<*nlag<^ of the crop. From the 



Apple* 


245 


fact that the fungus also grows upon the leaves, it frequently 
ocours that entire orchards are defoliated. The result is that 
the tree receives so little uonrishment that it may not bear a 
profitable crop for several years, even though during this time 
it is kept free from the disease. Wherever apjdes are grown, 
they suffer more or less from the parasite. Some years the 



injury may be sn slight that it is scarcely noticed, and during 
others it may ;ittack a tree, with sncli intensity that there is 
scarcely enough fruit i>r foliage If ft to tell the tale of the cause 
of the destruction. Ap]de growaus in western New York and 
in soutlicrn Miehigaii will bear evidence of the condition of 
orchards in the summer and fall of istlj and 189d. The trees, 
especially in Michigan, appeared as if burned by fire, and it was 
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said that in some counties there was not produced one car-load 
of first-class fruit. It is no wonder that apple-growing does not 
always pay. The wonder is that it ever does pay, when the 
care given the orchard is considered. Tlie causes of the many 
failures are principally two: first, tlie neglect of the top, as 
regards pruning, spraying, and similar operations ; second, the 
neglect of the roots, as regards feeding and tlie comlition of 
the soil. It rests entirely with the grower if his trees shall 
produce scabby fruit or j)erfect fruit. He can make his clioice, 
and tlie outcome will be as lie cliooses. In this statement, no 
variety, liowever susceptible it may be to the attacks of the .scab, 
is excepted. Some varieties, as the Spitzenberg, Fameiise, Fall 
Pippin, Early Harvest, and in many localities the Jlaldwin, 
seldom produce uniformly good fruit, ami with few exceptions, 
the last has been far from [lerfect during the past few years. 
Ben Davis, King, Falla water, and many other varieti(‘S are not 
nearly so imicli affected by the scabd 'I'liese varieties iuumI less 
care and often produce very fair crops witliout any s[>(*cial 
attention, but in such cases they generally bear in years of 
plenty, wlien prices run low excejit for extra fine fruit. 

Tffidhnunt. t reatment of the ap[dc scab shoidd begin earlv ill 
the Season. 'Phis was forcibly shown in the spring of 
Tlie first application, using Bonleaiix mixture, was made June 
Id, about one Week after tlie Idossonis had fallen from the trees. 
At the time of the s(>cond apjilieat ion. June '2'2, small portions 
affected with the scab fungus could occasionally be found upon 
the apples in places thii-kly coveied by the Bordeaux mixture 
previously applied, riiese portions were undoubted Iv attacke<l 
before the first ai)[iliealion was imule. As this occurred soon 
after the blossoms fell, it is clear that the trees were, sprayed too 
late. Tliey sliould receive at least one aj>plicatiun liefore the 
blossoms o[)eii. The value* of this lias l)eeii dmnonstratecl in 
another way. D. f». Fairchild observed (lie growing mycidinm 
upmi apple twigs evfm befor(‘ the luids broki*, and this would 
indicate that for very susceptible varieties it inav bf‘, well to 
.spray w ith a solution of the sulphate of copper \Yhen the buds 
are swelling. 

1 ('orntU Afjric. Exp. Sf<{. Bull. 4s, tiss /jOn, 

* For Jletatle»l a<'C‘Mjnt of I'JcpcrlnuTJls in tin* Ireiitincnt of aiijtlu srab, see Cornell 
Agric. Exp. Stn. Bull. 4S, 26o-‘2T4 ; also Bulletins 110 and SC. 



A second application should be made just before the blossoms 
opeh, and a tliird as soon as the blossoms liave fallen from the 
trees; but for tlies(', as well as for all later ones, it is advisable 
to use the Bordeaux mixtui-e or some similar preparation. Such 
applications may lx; nuuie at intervals of ten or fifteen days, 
depending upon tlie weatlim-, until fiom t^YO to six have been 
made. The number iH*e<‘ssary will depend largely upon the 
variety treated. In comparatively dry seasons, two applications 
will afford almost coiindete pr()tecti(m to resistant varieties, 
while tiiose subject to tlie disease would repjay as many as four 
or five. When so treated, the fruit and the foliage will be 
jiractically jan-fect as regards injury from scab. 

'I'he amounts of lii[nid necessary to protect an apple tree from 
the seal) will vary with the size of llu^ tive and with the season. 
A well-gniwii ap]il(.‘ tree, twenty>tive y(^ars old, will recpiire from 
two to three gallons of licitiid when sprayed before the blossoms 
open, iaiter in the season, when the tree is in full leaf, it will 
be ueerssary to use four or perha])s five or even six gallons to 
cover the leaves ami the fruit thoroughly. 

Inskct Kxkmif.s. 

Aphis (.1 phia Mali, Fabr .). — lifitirriptioa. These small insects, 
commonly called lice, are oflcii v<Ty numerous u|X)n the vouug 
shoots and leaves of apple trees, Tluyv are generally most 
alnimlant in spring and early summer, and in the fall. They 
ar(‘ su[)posed to cause cunsiderable damage by sucking the juices 
from the blossoms and young leaves, but the injury done by 
thetii lias jirobably Ix'en overestimated. During the Latter part 
of June and dnly tin' insects disappear. Wliile tliey are pres- 
ent, immense numliers may lie found upon tlie stems and under 
siile of the leave's, the latter being curled so that the pest i.s 
very well proti'cled from any apiplicatiou which may be made. 

Tieatmf-nf, riilcss the lice are vi'ry abundant it is not neces- 
sary to try to destroy them, for they do not cause any serious 
damage, and in a short time they naturally disappear. It is not 
advisable to s]iray entire orciiards. aUltongli fliev may be badly 
mtested. Itut if it is di'sired to destroy the lict' ujnm certain 
trees, a cliea}) ami efficient rrmicdy will be found iu tobacco 
water, or iu the decoction. d’Jiis .should iie sjuaived upon tlie 
trees as soon after tlie lice have apj^waved as possible, and the 



248 


The Spraying of Plant%. 


applications sho\ild be repeated at intervals of hvo to four days 
if the insects j>er3ist. Kerosene emulsion is also an excollmit 
remedy, bvit it is more expensive. Tlie lice are veiy easily 
killed, and any of the insecticides which kill by contact will 
destroy them. 

Borers (u) Flat-headed borer {Chnj.^ohothnA f'Monttay Fubr.); 
(ft) Round-headed bore IS ft j t'fo^^/ftftr, and S.cretnta, Fabr.). 

— These insects cannot be controlled by spraying. Various 
washes containing carbolic acid, clay, and many other ingre- 
dients have been recominemled to drive or keep tlie insects 
from the trees, but none have proved to be of much value. 
The best and safest line of treatment is to <lig out the l:irv;e, 
or to run a wire into the burrow until the insects are reached. 

Bud'Moth {TmettK'ern ocelinim, Fabr.). — Dfsrripdon. 'Phe 
adult, also known as the eve-spotted bud-iuoth, measures about 
three-fourths of an iiicli across the lore wings. “Tlie liead, 
thorax, and basal third of the fore wings, and also the outer 
edge and fringe are dark asbeu gray, the niid<lle of the fore 
wings is cream white, marked more or less with costal streaks 
of gray, and, in some specimens, this part is a.shy gray, i>ut 
little lighter than the base. . . . Tlie hind wings above and 
below’ and the abdomen an* asliy gray. The under side ()f tlie 
fore wings is tlarker. and has a series of light, costal .streaks on 
the outer part.’’ ^ 'Plie insect appears to have but a single brood 
in the Xorth. Tlie eggs are laid during June and duly. Accord- 
ing to Sliiigerland,- tlmsi* hatch in from seven to ten days; tlie 
larva* feed upon the foliage until about half grow n, this retpiir- 
ing a perioil of about six wi'eks. 'Pliey tlien form a small 
silken rase, well concealed in the crevices of the twigs, and 
there they remain until the follow iiig s]>riiig. \^’heii the. buds 
are .swelling, and even after they liave burst, tlie larva* again 
appear. They are then small and dark brown, ‘'abr)nt one- 
fourtli of an inch in length, with a sliining hlaek bead and 
thoracic .shirdd.” * 'Pliey injure large trees, ami also those in 
the nui'sery; hi the latter cast* they an* juirticnlarly destructive, 
since the future shap* of tlie tree may be. serioii.sly atTected by 
the loss of the terminal buds. 'I'lii* o]M*niiig buds an* eaten and 

* Kernairt. fffiHi. Af/riv. A>//. Stti. h91, Hull Vi, 7. 

* Cornell A^jrk. Krp. ,i(n, March, Hull, 0(1, 14. 

* Bid. ID. 
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also the young foliage, so that even large trees frequently suffer 
severely from the insect. Tlie young growing leaves are drawn 
together and firmly held by means of silken threads, and in 
this retreat the larvae are well sheltered (Fig. 40). The insect 
pupates within this nuass of foliage 
six or .seven weeks after its first V / 

appearance in spring, and about jF M 

ten days later the adult appears. 

Kggs are laid after three or four 
days, and thus the life circle of the 
insect is completed. 

Treatvimi. The insect may he ^ 
quite easily destroyed by thoroughly 
spraying the affected trees with 
arsenical poisons as soon as the 
buds have opened, so that the tips 
of the young leaves may he seen. 

Two applications, made before the V 

blossoms o[>en, sliould prove eii- 
tirely effective in the destruction V 

of this insect. 

Canker-worm [Anln,pi„y. po.e- X-S! 

/nna, Hams). — Dfiicupiimi. This 

in.sect is commonly called the fall canker-worm, and another 
species, Pulmcritn r(:nmta, Peck, is known as the spring canker- 
worm tliey are. frequently termed measuring worms, from the 
peculiar manner in w'hieh tliev move about (Fig. 41). 

The caterpilkirs vary in color from yellow to dark brown, 
and arc variously slrijH'd, When mature they are about an 
inch long, d'hey then leave the tree upon wliich they have 
been feeding, either by crawling down the trunk or by lower- 
ing themselves from the branches by means of a fine thread. 
They enter the ground and s]un cocoons. Here they remain 
until fall, when the adult nn)tlis aj^pear. 'Fhe male (Fig'. 42) 
has a w'ing expanse of almut one and one-fourth inches. It is 
of a glos.sy gray c(dor, two irregular white hands being gener- 
ally found \ipon each of the fore wings, d’lie female is w ing- 
less (iig. 411), from one-fourtli to nearly half an inch in length, 
and is also gray in color. She soon crawls up the trunk of the 
* Saunders, “ Inspcts Injuriuiis to Fruit,” ISSSi, 46. 
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tree and deposllj; her eggs among the branches. Tlie adult 
forms of the spring canker-worju rarely appear in the fall, but 
emerge early in the following year, 'riiey closely resemble 
A . pomekirm. 

Tmiiment. Various measures iiave been taken to keep these 
insects in check, tlie most common being to wrap the trunk of 



Fk,, 41, — Tlie i‘aiik<“r-wnrin at work ; natiinl size. 


the tree with some material over which the adult female can- 
not crawl to lay her eggs. For this [impose tar, or any .sticky 
substance, has heen in common nse.^ Cotton lias liecii higldy 
recoinmende<i. However, tlie clieai)est and best nndluxl to get 

’ Raupenk'iin and lifndr''dfn« arc two (^nh^tjujccs rcctniuncntlod by Professor 
Smith in Bull. HI, A^. J. Aijric. Kr}t. ^iia. iS'JS, SepL 



rid of the pest is to spray the foliage with Paris green or Lon< 
don purple-^ Phis should he done early in the season, as soon 
as the catcvpillurs make tlieir appearance, If they are seen to 
be injuring the trees before the blossoms are 
open, it may be well to make an application 
at that time. Put generally it is not neces- 
sary to spray tlie trees till after the blossoms 
have fallen. Never apply the urseuites to 
fruit trees while they are in blossom, for the 
bee.s which are working among the dowel's 
and assisting in the .setting of tlie fruit may 
l»e poisoned, to tlie loss of their owner as 
well as to the owiim- of tlie orchaial. Whether 
liees are actually i>oison('(l by arsenites when 
apjdied to trees whili* in full bloom is still a 
disputed point;- they ]>rol)ab]y are, and the grower will Jo well 
to apply sprays eitlie,i' bidove or after the trees have bloomed. 
It may also be tliat llic injury done to the delicate parts of the 
flower 1)Y the materials used is alone suilicieut cause for avoid- 
ing this time to do (he w ork. Tlie time of blossoming is short, 
and trees slionld not suffer if sprays are properly applied before 
and after this period. 

If one applioation of the arseiiite is not effective in ridding 
the trees uf wurms, others should be made at intervals of eight 
or ten days until liie ]iest is overcome. When the worms are 
young, they most commonly feed upon the 
niidor side of tlie leaves, and it is a good plan 
to treat these parts thoroughly. In making 
tile apiflications it must be vemembered that 
the worms will not be destroyed unless the 
poison is jflaced upon the leaves. All parts 
of the tree should be drenolied, and if many 
worms remain a few day.s after such an appli- 
cation. the materials used are faulty, or they 
have not been mixed in tlie proper proportions. 

Cigar-case-bearer; Case-worm {Colcojthorn Fletcherella, Fer- 
nald). — Descripiioii. 'rhe a]ipcarance of this insect is so 

' Sofi liailov, Conicf! Aiin\\ f>j,. SUt. is'.te, lUill. 101. 

* Uiink, Mich, Agric. Jiij'p, lU*]i. ‘261. Webster, IrmH Life, Vol. v. 

No. 2, 1'il. UuUier, Ibid. Vol. vi. No. 2, 161. 



Imc. 43. — ( -niiker- 
wctriii ; adult fo- 
inulf, initiinil si/.o. 



42, — Canker- 
vvorin moth; male, 

imtnnil 
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i*e markable tliat when it has once been observed it is readily 
distinguished in the future. I'he insect may be found bpon 
pears and apples. “ Tlie moth is a very delicate and pretty steel- 
gray object. During the day it rests on a leaf with its heavily 
fringed wings folded closely over its abdomen, and its long, 
slender antenna? placed close together and projecting straight 
forward from its head. I'hey may be seen on the leaves from 
about June 15 to July 15.” i Mggs are soon laid upon the young 
leaves, and iii the coui’se of about two weeks the young cater- 
pillars may be seen. During I lie first two or three weeks these 
mine witliiu the leaf, eating out the green tissue and causing 
the formation of hollow brown areas, Tlie larva* tlien begin 
tlie con.striiction from bits of the leaf of tlie peculiar cases, 
wliich are shaped like a cigar, but only about tbn*e-t*igbths of 
an inch long; in tlie.se they Hiid protection. About the middle 
of September the worn is migrate to tin* branches, wliere they 
remain throughont the winter. Early in sjn iiig. as soon as the 
first leaves appear, the larvie rehirii to the foliage and attack 
all green ]>arls of the l.ost-phuit. .\s the case becomes too 
small for the growing insect, tlie old one is deserted and a new 
one made. The little worm continually carries the case on end, 
and it obtains its food by eating tlirougli the nj)per surface uf 
the leaf and eating out tlie green ])nrtions which are witlnn 
easy reach, causing the atfected part to turn hrown. During 
June the larva* ]mpate, and somi the adult again apjiears, 

TrmlmejU. J'he case-1 lea re r i;; serious in only a few locali- 
ties, and its life history has but recently been carefully studied. 
Althongli no definite ex[>eriiiients have been made aiming at 
tlie destruction of the inseid, yet the general opinion of all who 
have clo.sely observed it is that the, larvm may be killed by 
spraying the afl’ected trees with the ar.senite early in the spring, 
making one ajiplication before the blossoms ojhmi, and two 
after they fall, as is done for the coiliin-inotli. 

Codlin-moth pomondln, Liiiii.j. — Ikscripthm. 

This motli is about lialf an inch long, and when at rest ba.s 
the wings fohled close to its boily. Its general color i.s grayish 
brown. “ 'Fhe fore wings are marked with alternate, irregular, 
tran.sverse, wavy streaks of ash gray and brown, and Inive on 
the inner hind angle a large, tawny-brown s[iot, witli streaks of 

1 Slingerland, CorntU Agric. Jimp. i>Ui. ISM, May, Bull. 93, 219. 
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light bronze or copper color, nearly in the form of a horseshoe ; 
at adittle distance they resemble watered silk/’i The hind 
wings are of a glossy light brown color (Tig. It). 

'J'he moths first appear in spring, having passed the \vinte,r 
ill cocoons. The first moths fly about the time that the blos- 
soms fall from the apple trees, and they continue to appear for 
two or three weeks, or even longer. Very soon after leaving 
the cocoons the moths lay their eggs, generally at the blossom 



Fio. 44. — Codliii-uiotli ; all parts natural size. 


ends of tlie little apples. The eggs soon hatch and tlie larvas 
iminc<liatcly begin to eat the fruit. The second generation of 
moths appears in about six weeks. Two or three broods are 
^nodueed in a season, and this fact tends to increase the dith- 
cidty of treating the insect successfully. 

Trmimeut. Formerly the principal remedy for the codliu- 
inoth was to de.stroy all the windfalls, either gathering by 
hand, or having them eaten by stock which was allow'ed to run 
in the orchard. This practice was fairly successful. Since 

^ Sauuders, “ lasects Injurious to Fruit,” 1SS9, 129, 
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the moth is a ni'jjht-flyin^ insect, it has been repeatedly tried 
to attract it by means of liglits. Rarely is one, caught, ajid it 
is useless to attempt to trap the moth in tins manner. 

Spraying with arsenites is rapidly taking the place of the 
many methods wliich were forme liy ein[)loyed to destroy tlii.s 
pest. The applioatioits are safe, easily made, and are almost 
invariably followinl by excellent results. The first apjdieation 
should be made as soon as the blossoms fall from the trees, earlier 
ones being unnecessary. Rut as soon as the blossoms have 
fallen, spray tlioronghly, using eithi*r Paris green or Lomlon 
purple. The operation must not be delayed until the apple.s 
are as large as cherries, but should be immeiliately performed. 
It is well to sju'uy a second time about ten days later, but if the 
weatlitM’ is rainy, applications are advisalde after heavy showers, 
since the poison is more or less washed away Vty a beating rain. 
Poison must l>e at (he l>lossoni end of the apple when the larva 
appears, for when tlie worm is once inside the fruit it can no 
longer he reached ; the first tiling tliat it eats should lie [loison. 

Since the second Iwood coine.s from the first, if the first is 
killed there can be no second, therefore tlie necessity of doing 
the work well from the 1 beginning, 'riie appearance of the huer 
broods is probably too irregular to allow of siiece.ssfiil treatment, 
and it is not always advisable to make special ap[iliealions for 
their destruction. 

Ry applying a combination of an insecticide and a fungicide, 
we can treat both tlie codlin-molh ami the apple scab, thus 
saving the labor of one treatment. The most reliable combi- 
nation thus far made is that of the Rordi-aiix mixture and 
Paris green or London ]mr]ile. d'lds comln nation is as etfi'etivr> 
as when separate treatments are* imuh*^ against tin* fungus and 
the insect. The use of the ammoiiiaeal carbonate of co])]ter 
applied in coimeihion with the ar>eiiitos has tdso givi>n good 
results, and as the mixturt* is more easily a)>i4i**d than Ror- 
deaux, it may in .some rare case.s be given the preference 
(see page 140). 

In Parks green we liave a combined insecticide and fungicide, 
already prepared, but tlie fungicidal value* is not so strong as 
might lie wishcfl. Its use during tlie past two years bus, 
however, shown that it afi'onis apjiles conskleralde. protection 

* CorruU AgHc. AV/a Stu. liuil. 4s, a‘4 ; 60, i{“4. 
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against fungi. The foliage of susceplihle varieties may be 
rendered fairly perfect l>y the arsenite, and in consequence, the 
vig(»’ of the tree itself ^\ ill be cmisideraVdy increased. Its addi- 
tional value as lui insecticide makes it one of the best remedies 
for destroying orchard pests. 

Stock is frequently pastured in bearing orclmrds which are in 
permanent sod, and doubts are often expressed as to the advisar 
bility of removing the aninmls after the trees have been sprayed 
with arsenical poisons or other materials. Cook ^ has conducted 
some experi incuts to test this point, and in no case could 
he find that horses or sheep were in tlie least injured. He 
applied much larger amounts of the poisons than are generally 
used; and 1 have still to hear of tlie first case in which pastur- 
ing stock under sprayed trees, whatever the application may 
liave been, has been followed by bad results. When one con- 
siders how' small is the amount of poison used per tree, the 
small percentage of it that falls to the ground, and how little 
of tills adheres to those parts of the herbage that arc eaten, it 
will be seen that there is practically no danger to the stock. 

Curculio {Aiilltifiiomua (juddrifiibbus^ ^Ay). ~ Description. As 
the name of this insect indicates, it jiossesses four projections, 
these being found on the back at the posterior end of the body. 
Tliey arc nearly conical in form and of a brow'iiish-red color. 
Tlie general ai']>earance of tlie insect is l>rown, but a .shade of 
red may also be noticed. Although it is closely related to the 
plum curculio, its body is slightly smaller and the snout longer; 
tlie entire length is about one-ipiarter of an inch. Its habits 
are also in some respects ilifferent. In laying its eggs no 
crcscmit-sliaped mark is made, but a bole, somewhat enlarged 
at the bottom, is bored into the small apple, and the egg is 
iliere deposited.- 11 le apple grows more slowly in the 
affected portions, wdiieli results in its becoming misshapen, and 
if the fruit is slung several times it will be wortliless on account 
jA its small size and irregular form. Fig. 45 represents apples 
which were injured by tliis insect and also by the plum curculio, 
another serious enemy of the, apple. 

Treatment, Tlie ap]ile. curculio rarely does much damage in 
the Xorth, but in some of the middle states it is occasionally 
very destructive. The most promising remedy is to spray the 

^ See page 238. » Gillette, hva Exp. Shi. Bull. 11, 498. 
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trees very thoroughly \vith the arseiiites early in spring. It 
may he advisable to make the tirst application before the 
blossoms open, amt anotlier after lludr fall The value of such 
applications is still a disputed point, :u\d it is more fully dis- 
cussed under “Spraying for the cureulio,” page tiS. !My own 
experience leads me to believe that apples in thorouglily 
sprayed orchards suffer comparatively little from this insect. 

Jarring the trees has also been recommended. Init this is not 
always practicalde. Sheep and hogs may be of service in an 



Kii,. 45. — .\|Ji)l(;s by iiijiu'W*. 


affected orchard, but unfortunately apples whicli are stung by 
the curculio do not fall to the ground to such an extent as do 
those attacked by the co<llin-nioth, and only a small number 
would be destroyed by this means. 

Fall Web-worm (Hyphnniria cuited, Harris). — Dcscrfpdon. 
The mature insect is a motli, pure wliite in color, with an ex- 
panse of wings of about one and onedourth itiches. Tlie insect 
Is whlely distributed thnjughout the country, and wVum undis- 
turl^ed, the lan'fe may do considerable injury, not only to fruit 
trees, but to many otlier plants, since they are not very par- 


ticiilar as to diet. The eggs are laid upon the foliage during 
early summer, and soon liatch. The full-grown larv?e are about 
aiynch loJig, with varied markings. They are thickly covered 
with yellowish hair, of varying shades, it being longer at the 
extremities of the body. The head is black, and a dark stripe 
extends along the back. These caterpillars are most con- 
spicuous ill the fall after they have woven a web, inside which 
tliey work. The foliage to he eaten is first enclosed in this 
manner, and afterwards devoured. When full grown the 
caterpillars descend to the ground, and there spin cocoons in 
which lliey reiuain until the following year. There is but one 
brood of the insect in tlie Xorth. 

Trea(ine.}if . Spray with the arsenites during summer, as soon 
as the presence of the insect is noticed. The foliage should be 
covered with the poison before it i.s surrounded by the web, 
and this can be done most effectively wdiile the larvje are 
small. If spraying is neglected, cut out the limb and burn 
it, or hold a burning torch to the nest until the caterpillars are 
destroyed. 

Leaf-Skeletonizer (Pempelia Hammondi, Riley). — Desc7'iptwn. 
The larva of this moth causes the curled and scorched appear- 
ance which is sometimes exhibited by apple leaves, especially 
when young. 1'he worm, wliich is greenish-brown, causes. the 
injury by eating the green portions of the leaves. Its length is 
about half an inch. A w’eb is generally spun, and frequently 
several leaves are drawn together by it, making an unsightly 
object. 

Treafment. The web spun by the laiTm affords tliein some 
protection against applications which are made; but if the 
arsenites are applied as soon as the worms are seen, their w’ovk 
|fy/uld soon receive a check, for new material will soon be 
reipiired for food, and this should hear the poison. Hand 
picking has also been recommended ; it is a laborious but 
certain method of destroying them. 

Maggot; Railroad-worm {TiijpeM po^nonella., Walsh). — He- 
s^cripfion. The many small burrows frequently seen extending 
in all directions throughout the flesh of an apple are caused by 
a gi'eenislMvhite footless maggot about oue-fourth of an inch in 
length. The mature form of the Insect is a two-winged fly. It 
lays its eggs singly under the skin of the apple, early hi sum- 
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tner ; these hatch in a few day^s, and the maggot, after tunneling 
for about six weeks, leaves the fruit, and enters tlie ground, 
where it pupates. The mature tUes appear the following 
summer. ' 

Treatment. Xo eifectual remedies are yet known. It is 
scarcely possible that arsenical sprays will lessen the trouble ; 
but the destruction of the young affected fruit, if well done, 
would materially reduce the danger of injury. 

Oyster-shell Bark-louse iwumnm, Iloiiclie). — y)c- 

scrlptlon. The small brownish scales whiclj are commonly seen 
upon apple trees have been secretetl liy a little insi*et which may 
he found underneath them during the summer. ’The scale, or 
shell, protects the iuspct, and the latter can scarcely he reached 
by any application made at this time of the year. Hut in early 
spring the scales contain a miiui>cr ot hglit-colored eggs. 
These hatcli in May, and during warm ueather tlie young 
insects crawl about, and in a few days attacli themselves to the 
bark. They then I.'iegin to secrete a shell which soon reseml)Ies 
that of the parent. 

Treatment. Since the bark-louse is a sucking insect it cannot 
be destroyed l)y arsenltes or similar poisons. Sjiray alTe(ded 
plants with some insecticide which kills iiy contaet, such as 
kerosene emulsion, or tobacco water. These applications should 
be made before the young insect has attaclied itself to the bark. 
Before the egg’s hatcli it is u’ell to .scra[>e badly affected parls, 
and then to wash tiiem thoroughly with some good insect icitle, 
tliose of a soapy nature being preferalile. 

Tent Caterpillar (CV/siocma/m Americana, Harris). — />.srr//e 
tion. The moths are threcTburl lis of iui inch long, (lie sprea<i of 
the wings being about one and three-fmirths inches. The gmeral 
color is [>ro\vn, but there is a darker band near tlie onter 
gin of the fore wings. In July the motlis lay their eggs closely 
in rows around the smaller twigs r^E trees, sometimes as many 
a.s tliree Imndj'ed being de[>osited, 'rhes(; eggs do not hatch 
until the following spring; then tlni caterpillars appear, anS" 
iiegin to feed upon the yonng heives. Aftiw a fe.w days they 
commence to s|>in their web, whicli soin) grows to be. large, ami un- 
sightly. Wiien full grown the caterpillars are atiout two indies 
long; they are somew'hat hairy, and have awhile streak nni- 
niiig along the center of the hack. The sides of the body are 
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ornamented with yellowish markings, while underneath it is 
quite black. The worms mature in about six weeks from the 
tiuil they are hatched. At this time tliey generally leave the 
tree and seek some sheltered corner in which they spin their 
cocoons. In three weeks moths issue, and eggs are again laid. 

Treatment. J'his insect does considerable damage if it is left 
unchecked, hut it is so easily destroyed that there is no need 
of having any trouble with it in an orchard. As soon as a 
nest is seen, the brancli may be cut off and burned, or the 
insects crushed without the removal of the nest. But a much 
better remedy is to spray the foliage near the web with arsen- 
ites. The caterpillars always return to the web at night, and 
they may also l)e found there in bad weather; and if the tree 
lias been sprayed they generally return there to die. In sprays 
ing for tlie codliii-moth sufficient poison is applied to rid the 
orchard of this enemy also. 

Woolly Aphis {Srhlzotu-arn lanujera, Ilaiism.). — Description, 
'rins iusi'ct is a sniall yellow plant lousi^ It is found upon many 
kimls of trees, hotti on tlie brandies iind among the roots, and 
causes injury by sucking the juices. The insect is protected by 
a woolly or mealy covering, and from tliis it has received its 
common namm When tlie roots of nursery trees are attacked 
the stock is almost wortliless, for the labor and expense of de- 
stroying the insects is generally greater than the value of the 
stock. 

Treatment. Affected lirauches may be cleaned by throwing 
a .strong stream of water upon them, thus dislodging the 
insects. Kerosmie emulsion and toliacco water will also kill 
them, if the applications are made so thoroughly that the 
ii^cticide w ill penetrate covering. It will probably be 
Pound Mece.s.sary to repeat Iheiii. Boots of trees standing in 
the ground maybe treated with scalding winter. If the roots 
are to be dipped into tlie water, a temperature higher tliaii 
degrees F. sliould not he allowed, and F. should 

kill the insects after a momeut’s immersion. Kerosene emulsion 
and tobacco water give good results. They may either be 
sprayed upon the roots, or the.se may bo dipj’ied into the liquid. 
In cither case the roots must be well cleaned before the appli- 
cation is made, so that the insecticide will reach the insect. It 
is possible that the hydrocyanic gas treatment wmuld he of 
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value in treating young, dormant trees before setting. During 
summer these insects multiply very rapidly, and all treatments 
should be made early in the seiison, and very thoroughly.’' If 
this is not done, bisulphide of carboO may prove effective, 
although the remedy does not yet appear to have been used for 
this purpose. 

APRICOT. 

Fungous Diseases. 

Leaf Rust. See under Plum. 

Insect Enemies. 

Curculio. See nnder Plum. 

ASPARAOTTS. 

Asparagus Beetle (Cnbcr'm A-yxiraffiy Linn.). — Description, 
In many localities asparagus is seriously injured by a small, 
dark, metallic-blue beetle, which is also marked with yellow 
and red. It passe.s the winter as a beetle, and lay.s its eggs on 
the young asparagus shoots in spring. 'File re are two or three 
broods. 

Treatment. Tlie removal of affected parts and the destruc- 
tion of the eggs will assist in suppressing the jxist. Hellebore, 
mixed w ith flour, 1 part to 10, lias been recommended as being 
effective against the tirst brood of larva', and it is probable 
that the arsenite would prove valuable if applied after market- 
ing has ceased. 

ASTER. 

Fungous Diseases. 

Leaf Rust (Cofeosporixm Soncfii-nrvensis, Ldv.). — Description. 
The fungus appears to attack the leaves mostly from the under 
.side; here it produces orange-colored pustules and eventually 
causes the death of tlie diseased leaves. 

Treatment. Spray the jdants early in the sea.son with a clear 
fungicide, reiwating the applications at intervals of two to four 
weeks. Care should be exercised to reach the under surface of 
the leaves. 
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BALM OF GILEAD. 

jFUNGOtS D18KASES. 

Leaf Rust. See under Cotton%vood. 


BARLEY. 

Fungous Diseases. 

Barley is subject to two loose smuts, both somewhat like oat 
smut. They may be prevented by soaking the seed four hours 
in cold water, letting it stand four hours in a moist state in sacks, 
and finally treating in hot water as directed for oats and wheat 
(wdiich see), but only for five minutes, and at a temperature of 
12(i° to 1*28° F.” 1 


BEAY. 

Fungous Diseases. 

Authracnose ; Pod Rust {Colletntrlchum Lindemuthianum, Briosi 
and Cavara). — Desm'pfinn. This fungus attacks the stems, 
foliage, and fruit of bean plants, and is, perhaps, the most 
serious trouble against wliich bean growers have to contend. 
The seed may be affected ev(‘ii before it is so^Yn; it is then 
wrinkhul ami pitted to a greater or less extent, the affected 
parts being sometimes only very slightly discolored, again, very 
markedly yellow' or brown. The disease can be carried from 
season to season by affected seed, and in severe cases the young 
plants are so much injured by the fungus that they are not able 
to appear above ground. Young seedlings are also destroyed, 
as the stem is frequently cut off by the parasite, causing deep 
^id blackened indentations. The large and the small veins are 
similarly attacked, wdiile the green tissue of the leaf does not 
escape. The latter shows the trouhle by the appearance of 
dark discolorations which cojiform in slrape. to a certain extent, 
tn the surrounding veins. The part first attacked soon becomes 
brittle and then breaks, leaving an irregular opening through 
the leaf. A black discoloration marks the progi'ess of the dis- 
ease. Upon the stems and veins, affected parts are consider- 
ably sunken and blackened, the eilges being tinged with red. 

^ fj- S. DepL of Agr id. Dit. of Uey. Path. Farmers’ Bull, No. 5. 
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This is particularly iioticealjle upon the sides of diseased pods 
(Fig-. 4(>). Later, the central portion of the pits show minute, 



Fig. 40, -• Heaii antlirarnose. 

light-colored dots, which are masses of spores or reproductive 
borlies. Spore formation apj^ears to be particularly energetic 
upon the pods. 
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Treatment The use of healthy seed is of the greatest impor- 
tance. Diseased seed may be soaked in some good fungicide, but 
tie value of ilic oixsration is open to doubt. Professor Peach 
has jnade a cure fid study of this disease, and his conclusion is 
as follows “ Kveii when the treatment of the seed by the best 
fungicides is so severe tliat the stand is seriously injured, there 
remains enough of the disease to injure the crop under field 
conditions. At the time of harvesting the crop in the above 
noted experinieiits, not a sound plant or even a sound pod was 
found in the whole lot. These results certainly give little en- 
couragement for that treatment of seed with fungicides 
will yield sufficiently good results to justify recommending its 
adoption." 

Tlie recommendations made by Professor Beach in regard to 
treating tlie disease are : “ (1) Selection of sound seed; (2) im- 
mediate removal of infected seedlings from the field; (3) keep- 
ing the foliage covered witli Bordeaux mixture.” A weaker 
mixture, one containing about 1..') per cent of copper sulphate, 
has given excellent result.s, and it is liariule.ss to foliage. The 
disease is more severe in. low', damp places, so these should be 
av()ide<l as much as possible. 

Rust (fmnuyee.s Phiisroli, Winter). — De^^cription. Diseased 
leaves first show' small, brown dots wliich are nearly circular, 
an<l slightly elevated. 'I'liey soon discharge a brown powder, 
this being the first crop of spores. Later, a second crop of 
.spores is produced; these are black in color, and somewhat 
larg(‘r tliau tlie earlier form. The buds are similarly affected. 

Treiffment Tlie free use of Bordeaux mixture may afford 
full protection to exposed plants, hut as yet no general use of 
y.ic. remedy has been made. 

Inskct Kxkmiks. 

Bean Weevil (Hruchis ohtectiisi. Say). — This insect closely 
rcaeiuldes the pi^a weevil in appearance, and their life histories 
are practically identical. See under Pea. 

* S^mie Bean Biseana. A thesis In the But. Dept, of the Agric. Coll, Ames, 
Iowa, 1S&2, 823. 
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BEAN, LIMA. 

Fungous Diseases. 

Bligtt {Pfiiftophthora Pha^eoU, Thaxter). — Description. This 
fuugus attacks tlie young leaves and steins, and also the pods. 
It generally appears during August and September, and covers 
the affected parts with a dense, white covering. 

Treatment. Spray the plants with some clear copper com- 
pound before the season when the disease generally first appears. 
Two or three applications should protect the vines, 

BEET. 

Leaf {Cercospora heficola, Sacc,). — De.scriptinn. ‘‘The 
common name well describes tlie general appearance of the beet 
leaves infested with this Cercospora, for they are at tirst more or 
less covered with small light or asliy sixits, wliich later often 
liecome holes by the disap])earance of the tissue previously 
killed by the fungus. . . . Full-sized leaves oftmi become 
mutilated, and sometimes scarcely more than the framework 
remains.’' ^ The spots are at first siiiToiiiided by a band of red 
or purple (Fig. 17). Tlie disc*ase is more or less prevalent 
throughout the summer moiitlis. 

Treatment. The trouble may be controlled by the use of 
fungicides, but as beet foliage is easily injured, the safest one 
to use is the Bordeaux mixture. Tliis may be u.se<l of tlie 
normal strength, or even more dilute. The first applieation.s 
should be made about the middle of June or early in July, de- 
pending upon the latitude and the season. The foliage should 
thereafter be kept covered by the material. 

Root Rot (PhpUosticta, sp.). — Description. The fungus caus- 
ing root rot of Ixjets i.s particularly seriou.s after the root.s are 
stored. The affected parts slirink slightly, turn black, yet 
remain quite firm. The leave.s appear to be affected by the 
same fungus, its presence causing the formation of circular 
spots, sometimes half an inch in diameter. The diseased tissue 
die.s and .soon cracks. 

Treatment. The foliage should be well protected l)y the Bor- 
* Halsted, y. J. Agric. Jixp, Sta, 1895, Bull. 107, 8. 
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deaux mixture during the growing season, and when the beets 
are stored all the leaves should be removed. 

* Rust ( IJromyces Pers.). — Description. This disease is at 
present most destructive in Europe and in California. It is 
easily recognized by the rusty-red powder that is abundantly 
produced upon the affected portions of the leaves. A similar 
disease attacks carnations and hollyhocks. 



Fni, 41. — Beet leaf spot. 

Treniment. Although it appears that no definite experiments 
have been made in this country for the control of beet rust, it 
is probable that the fungus may be held in check by continued 
apj dications of the Bordeaux mixture. The related forms found 
upon other plants yield to treatment, and applications made 
at the fir.st appearance of the trouble should prevent it from 
becoming seriovis. 

Scab {Onspora scabies, Thax.). — This disease also attacks 
potatoes, causing them to be scabljy. Tiie only known remedy 
for the trouble in beets is to avoid ground in w^hich the fungus 
is known to exist. 
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BLACKBERRY. 

The insect and fungous troubles of the blackberry are treated 
under Kaspberky, which see. 

CABBAGE. 

Fungous Diseases. 

Club-root; Club-foot; Finger-and-Toe {Pla$moflio}ihora liniasi- 
^(pAYoronin).— Df ^rription. As its name indicates, this disease 
causes distinct and marked swellings 
or “ clubs ’■ at certain poi tioiis of the 
root system of the cabbage and re- 
lated plants; wlien tlic attack is 
severe, the roots are apparently all 
united into one large swelling wholly 
distinct from the normal growth of 
tile plant ( Fig. -bS). d'lie fungus caus- 
ing the dis('ase may remain active in 
the soil for scvci'al years, and tlie 
young plants are frequently very 
seriously attacked even Itetbre thi^y 
are set in tlieir ]xu’Miaiient quarters. 
Affected plants appear weak ami 
sickly, they grow slowly or not at all, 
and are disinclined to form heads. 

Treiiftiienf. Although eliib-root is 
one of the most s(*rioiis of the dis- 
eases attacking cahhages, its treat- 
ment i.s not well nnderstfjod. Tlie 
successful use of fungicides appear.s 

Fkj. 48. -Cabbage club root. and iinlil some means 

of destroying the fungus in the soil 
has been discovered, the best plan of ovm*coming the ]>arasite is 
to .starve it out by growing other crops iqmn the land. It has 
been recommended that cabbages and allied jilaids slumld not 
be grown upon infested land ofteiier than once in three years. 
All material which i.s capable of encouraging tin* growth of the 
fungus should be destroyed, and the spread of t lie disease should 
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be checked whenever opportunity otiers. Ilalsted has success- 
fully treated club-foot by applications of air-slaked stone lime, 
yscd at tile rate of 7') bushels per acre. This remedy should 
be given a thorough triald 

IxftECT Enemies. 

Cabbage Aphis {^Aplm Brassicm). — Description . Tins insect 
is one of tlie many forms of plant lice with which gardeners 
liave to contend. It is a small, greeiiisli-blue insect which, if 
unchecked, increases at an astonishing rate. It is almost con- 
tinually protected by a gray flour-like covering which renders 
treatment difficult. As with all otlier insects which propagate 
rapidly, it is essential that those found early in the season be as 
coiiipletelv exterminated as possible. 

Tnutnieni. Ikiisons which penetrate the outer coverings of 
tlie insect are to be recommended. It is difficult to make mate- 
rials adhere to eitlier the foliage or to the insects, and for this 
reason they must be all the more carefully applied; kerosene 
emulsion, tobacco water, hot water, pyrethrum, etc., are all 
effective if properly used. 

Cabbage Plusia {Plnsia Brnsm-(e, E.). — Descripiiim. The 
adult insect is a dark-gray motli about an inch in length hay- 
ing a small silvery spot and V-shaped mark in the center of 
each fore wing. The imflhs appear in sju ing and lay their eggs 
generally on the uppu- side of the cabl>age leaf. They hatch 
into green larvm which feed upon the foliage of the plant, fre- 
quently burrowing througli ami through the cabbage head, 
practically ruining it for market. Tlie worms also feed upon 
lettuce, endive, celery, and oilier garden plants, tlieir treatment 
being the sanu? as here described. 'I'hese worms are span-worms; 
tlu'v progress by looping the body and then straightening it. 
When full grown tlieyare about one undone-half inches in length. 
Tlie larva 3 then spin cocoons, pupate, and in a sliort time the 
adult motli appears. There is more than one brood each season. 

Treatnidit. d'lie remedies mentioned under Caiuiaok-worm 
juay be used sncce.ssfnlly against this ])est also. Ibit if pos- 
sible, greater care should be exercised in destroying the plusia, 
since oil account of its tunneling habits it inflicts more damage 

* J. Agric, i^p. 6to, “ith Kept, 1S94, 2S8, 
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on the crop. The first brood should be exterminated by repeated 
and thorough applications. 

Cabbage Root-maggot [Phorhia Bramca;, Rouche). — Descrip^^ 
tion. Tlie adult insect is a two-wiuged fly Avhich bears much 
resemblance to that so commonly found in {iml about dwelling- 
houses. It is considerably smaller, however, and the wings 
fold more closely together. 

The adult flies apjiear during April and early l^Iay. Kggs 
are laid about the base of the newly set plants, in some cases 
several hundred being found about a single plant. These ap- 
pear to hatch in about a week, de[iending upon the condition of 
the weather. The young maggots generally first attack the 
young roots, burrowing along their surfaces, until finally' the 
root is destroyed. The main roots are then attacked, and later 
the stem of tlie plant may be entered. In this manner a crop 
is soon rendered worthless. There appear to be two, and pos- 
sibly three broods each year. 

Treatment, The cabbage root-maggot 1ms for years been 
causing serious losses to cabbage growers, ami although about 
seventy methods of destroying the pest Ijave been recommended, 
only few have much merit, showing tliat the enemy is a difficult 
one to deal with. Pieces of tar paper fitted closely about the 
young plants at the time of setting, or iiiunedialely after, are 
very effective in preventing the flies from laying their eggs. 
As tlie insect works upon many weeds, ami also u[ion other cul- 
tivated plants, this method does not destroy the pest, but drives 
it to other quarters, from which future supplies may at all times 
come. Another and better plan is to inject about a teaspoon- 
ful of the bisulphide of carbon just underneath the plant, avoid- 
ing contact ^vitl] the roots as much as possible. In .severe cases 
a tablespoonful may be used to advantage. One application, if 
made when the maggots are first seen in May, should be suffi- 
cient. After applying the liquid, pres.s the soil about the plant, 
to prevent, as far as possible, the escape of the fumes.^ 

Cabbage-wofcm. 

Imported Cabbage-butterfly (Pkm Hapre^ Linn.). — Description, 
Our common cabbage-worm, althongli asiwicie.s introduced from 

* For an exluiustive account 0/ this insect, sec Sliiigcriand, Cornell Agric. Exp, 
&ta, ISM, Bulk 78. 
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Europe, has become so widespread and serious that many cab- 
bage crops are annually ruined by it. (lardeners are only too 
^miliar witli the mature and the larval forms to require com- 
plete descriptions for the identification of the insect. The 
adult is a white butterfly having the outer fore corner of tlie 
front wings j narked wdth black. In addition to this the male 
lias one black spot near the center of the front wings, while the 
female has two. The insects pass the winter in the chrysalis 
state, and in spring the mature forms appear. The female lays 
her eggs, which are small and of a yellow color, upon the leaves 
of cabbages and related plants; in a few days the eggs hatch, 
producing small green worms that feed upon the foliage of 
the plants upon w^hich they were laid. These worms become 
full grown in about two weeks, when they seek some sheltered 
place in which they turn to piipse. In from one to two weeks 
a new crop of butterflies may be seen, and these in turn con- 
tinue to propagate the sjxicies. Several broods appear each year. 

Treatment, This pest is most easily destroyed w^hen it is in 
the larval stage. It may then be treated in two general ways. 
As the larvic eat the foliage they may be poisoned very easily 
by applying hellebore or some form of arsenic. The latter, 
however, must be used only upon young plants, otherwise there 
is danger of poisoning the human consumer. Hellebore may 
be used quite freely at all times, since it loses its strength on 
exposure to air. The other method of destroying the insects is 
to apply poisons "which penetrate the soft covering of their 
bodies. For this purpose kerosene emulsion may by succe.ss- 
fully employed, but as in the case of the arsenites, only young 
plants should he treated in this manner. For heading cabbages, 
it is safer to use some form of pyrethrum. Some prefer the use 
of hot water to all other remedies; it is clean, does not injure 
the plants if properly applied, and it destroys the worms. It 
is unpleasant to handle, liowever, and its use has not generally 
been favored. Particular care should be taken to kill the first 
brood, w'hatever the remedy selected, for if this brood is exter- 
minated, later ones will have small chances of appearing. All 
applications should be repeated as often as seems to be 
necessary. 

Harlequin Cabbage-bug {Murgantia hmlrwnka^ Hahn), — De- 
Kription, This southern insect is gradually extending north- 
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ward along the Atlantic coast, and is sllo^Ying itself to be per- 
haps the worst enemy of the cabbage grower. The adult i)ug 
is nearly half an inch in length. It is briglitly niarketl with 
black and orange colors, and for this reason lias received i?5 
popular name. The mature insect hibernates during the 
winter; in early spring, as soon as the cruciferous plants upon 
which it feeds make tlieir appearance, the eggs are laid, com- 
inonly on the under side of the leaves, and closely cenieuled in 
a double row containing about a dozen eggs. Tliese liatch 
witliin a week, and the young pests then begin to suck the sap 
from the leaves. So active are their operations in this direction 
that it is said a young cahhage jdant will succumb in one day 
if attacked by half a dozen of the insects. The hugs are very 
sliy, and if disturl)ed tliey try to hide, 'riiey mature in about 
twelve days from the time the egg is It at died, and this allows 
of the apj>earance of .several bi ood;- eat'ii year. 

Treatment. For several reasons this insect is very difficult to 
control. It cannot be destroyed by jxdsons which are taken in- 
ternally, and on account of its .^.ctive habits it is dilficult to 
reach with externa! applications; again, the rapidity with wliieli 
it can multiply renders very tliorough work nec<\ssary from tlie 
start, else their mimber will soon increase t(t an extent sntlicient 
to ruin the cabbage plants. I land picking has been recom- 
mended, but it is of doubtful value when large areas are af- 
fected. One lialdt of the pest may prove of considerahle sm'vioe 
in its destruction. During the nights of spring and autumn, the 
adult insects collect under chij>s, hoards, etc., and undm* small 
piles of leaves or some similar materials which afford them gi>od 
hiding-places. If these are removed or hiirnod in the morning 
after the insects have collected nmler them, large numbers may 
be disposed of. This [iractice is particularly valnahle if the 
brood whicli hibernates during the winter can lie so destroveti, 
since this largely reduces the alnnidanec of the future genera- 
tions. Allot h**r method of destroying this lirnod and of saving 
the cabbage plants lias been sMggeste<l by Weed, 'Die haileqnin 
cahl^age-hiig is very fond of mustanl, ami if the latter is sown 
between the rows of cabbages almost all tlie insects will collect 
upon the rnnstard. This should then he sjnaycd with jnire 
kerosene, and thus the hibernating bug.s can practically all l>e 
destroyed. 
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.Fns’GoiTS DiseaskhA 

Anthracnose ( Volutella sp.). — 
Demption. Although antlirjic* 
nose is apparently an introduo(Ml 
disease, it luis become so wide- 
spread that it is iKJW one of 
tlie most serious of the many 
fungi attacking carnations. The 
fungus causes grayish - brown, 
sinikeu areas to ajipear at the 
V)ases of tlie leaves, tliese being 
marked with s!uall black ele\ a- 
tions covered with bristly ])ojnls. 
The parasite also grows in the 
steins of ilowering jdants, caus- 
ing the parts beyond the atTect<’d 
portion to sutfer from want of 
nourishment, a symptom read- 
ily distinguished by an expe- 
rienced florist . (’uttings vory 
freipuMitly contain tlie disease, 
and for this reason tliey cannot 
do well. 

Tirdtment, Avoid spreading 
the disease when propagating 
the carnations; only healthy 
stock should be used. If there 
is danger from infection, the 
most promising metliod of pre- 
venting the spread of the disease 
is to keep the plants growing 
well, and to s}>ray tlimn with 
some good fungicide, as the Mor- 
deaux mixture, d o avoid stain- 
ing the plants, the ammoniaeal 
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’ Set', also, Atkinson, Carn<tiio» Dh- 
A paper road hefyre the Atuerirau 
CaruatioQ Society, IbUS, Ao*. Fi. \iii. 7'jU. 


Eiii, 40. Caniftlkni rust. 
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solution of copper carbonate may be substituted, although it is 
perhaps not so efficient. The plants should at all times be pro- 
tected ill this manner. .. 

Rust (rnnnjfces airifopfnfUiniL^, Schi'.). — Descripdon. This 
European disease was first noted in this country about the year 
IShl. It has been rapidly dissemina- 
ted here by means of the stock sent 
out by propagators, and now it can 
be found in the house of nearly every 
extensive carnation grower. 'Fhe 
first external ajipearance of the dis- 
ease (Eig. 40) is the formation of 
gray, blister-like eh^vations on the 
leaves and stems, these being of 
various sizes and slia^ies. As the 
fungus develops, these [larts rupture 
and a large amount of a reddish- 
brown pow<ler is foreed through the 
lu'oken r'pidennis. Tins powder con- 
sists of spore.s which are capable of 
reproducing tlie parasite in other 
localities. Eater another kind of 
spore is matured from the affected 
part, tliis being of sel'^■iee to carry 
the fungus tlirough conditiims which 
prove fatal to the body of the para- 
site and also to the spores first pro- 
duced. 

'rreatm^nt. A plant that ha.s he- 
cnuie infesteil with t)ie rust fiuigiiR 
cannot be cuomI; the only remedy is 
to cut out the affected parts and de- 
Fkj. r>0. stnjy tlicui. 1'he spread of t lie dis- 

ease may, however, be cluscked by 
the propr use of fuiigici<les. The disease apinmied in the 
Cornell forcing Iiouses during tlie w’inter of IWIl-fbo, and was 
practically controlled by thorougli applications of tlie Bordeaux 
mixture. Coppw chloride appearefl to be e([ually effective. 
Soap was u.sed with the mixture in order to make the liquid 
adhere better. This, however, did not prove entirely sati.sfac- 
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tory, and the greatest reliance was placed upon the production 
of au extreiuely fine spray, the particles being so small that 
tliey adhered without much ditficuity. Jf thorougli applications 
are made at intervals of one to tliree weeks, little trouble should 
be experienced from carnation rust. It is said that the 
disease may also be controlled by the use of the sulphide of 
potassium. 

Spot; Blight {Septoria Duinthi, Desm.). — Descripdon. The 
spot of carnations may be recognized by the presence of grayish- 
brown spots, more or less circular in outline, and surrounded by 
a conspicuous jmrple band whicli is well defined on the inner 
edge, but mingles witli the healtliy green tissue at the outer 
margin (Fig. 50). Botli steins and leaves are attacked, and 
mucli damage is infiictiul. The foliage cannot perform its 
functions properly, and the steins may be so severely attacked 
tliat all portions beyond tlie diseased areas die. 

Treuimf-rd. It is probable tliat projier application of fungi- 
cides, as described under Rust, will prevent the malady from 
becoming serious. 

CATALPA. 

Fuxoors Diseases, 

Leaf Spot { VlujlloMlcln Ell. & Martin). — DwcripOun. 

During early summer tlie leaves of catalpa trees often liecome 
disfigured by circular lu'owii spots wliich under favorable cir- 
cunistaiices increase tosneli an extent tliat the trees may almost 
entirely lose their foliage hefore the middle of August, When 
the attack is less severe the affected portions fieqiipiitly drop 
from the leavi'.s, causing the latter to lie more or less iierforated. 

Trf(dmftd. Spraying the trees early in the season with the 
Honieanx mixture or some otlier good fungicide would prob- 
ably largely prevent the trouble. Two or tliree applications 
made at intervals of two or three weeks .should suffice. 


CAULIFLOWER. 

The enemies and diseases of cauliflowers have been consid- 
ered nmler Cah!ia(tK, which see. Care sliould be taken in 
treating tlii.s crop, that the center or “flower” of the plant 
remains uninjured by the applications. 
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CELERY. 

Fungous Diseases. 

Celery Blight; Rust; Sun-scald {Cerco.^pora Ap'd, Fries). — 
Description. TJie first indication of celery blight is the appear- 
ance of small, yellowish spots upon the leaves. They rapidly 
enlarge, run together, and finally cause the destruction of tlie 
leaf, ^vluch first turns yellow and tlien brown. The disease is 
more serious in dry locations, especially if the sun is allowed to 
shine freely upon the foliage. 

Treatment. The crop should be grown only in moist localities, 
and there it naturally grows to its greatest perfection. Tf grown 
on high laud, shade is desirable; if it can be obtained trom a 
building so much the better, as trees ami otlier growing plants 
rapidly drv out the ground in their immediate vicinity. In 
case the plants cannot be kept free from tlie disease by these 
means, the a])plication of any standard fungicide will almo.st 
entirely prevent its appearance. 

Leaf Blight (Septaria Tetrostlini var. Apii). — Description. Ail 
parts of the celery plant except tlie roots suiter from this fungous 
disease. Watery areas appear on the stems and leaves, and 
these soon show many small black dots wbicli contain tlie 
spores or reproductive bodies of the fungus. The disea.se is 
verv common in seed-beds, ami may lie carried over on the seed. 

Treatment. The first precaution to take is to plant only clean 
seed. That which is siieckled or spotted with the above-men- 
tioned black dots should be avoided as imicii as ]>ossible. If, in 
addition, tlie young plants are sprayed with a good fungicide 
the disease should not become serious. Such ap])lications 
should be re^wated whenever tlie condition of the plants seems 
to demand it. 

Insect Enemies. 

Celery-caterpillar. See under Parsley. 

CHERRY. 

Fungous Diseases. 

Brown Rot {Momiia fructlijena, Per.s.). — This disease and its 
treatment are fully discussed under Peach. The cherry does 
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not require such repeated applications, since the fruit matures 
earlier in the season. It is also more unsafe to use the Bor- 
deaux mixture, on account of tlie danger of staining the fruit; 
the ammoniacal solution of copper carbonate or some other 
clear fungicide will be found a better remedy after the cherries 
are one-half grown. The Bordeaux mixture may be safely ap- 
plied a.s soon as the blossoms have fallen and the fruit has set. 

Leaf Blight (Ci/rmdrosporium PadL Karst.). This disease is 
fully treated under Plum, which see. 

Powdery Mildew (^PodosphcEra OxycanthcR, BeBary). See 
under Applk. 

Black Knot {Plowrlyhlia [Splaeria] morhosa, Sacc.). See 
under Plum. 

IXSFCT Knkmies. 

Canker-worm (P(deacntn vernata. Peck). See under Apple, 

Plum Curculio (Conolrachelus nefiiiphar, Herbst), See under 
Pr.uM. 

Slug {Sehi7\d?da Cerasi, Peck). — Description. The mature 
insect is a black fly having four wings. The eggs are laid in 
small openings made in the leaf by the insect. They hatch in 
about two weeks. The larvae mature in about four weeks. 
They bear a certain resemblance to a tadpole, being shiny, 
dark-green wurnis, about lialf an incli long (Fig, 75). They eat 
the soft tissues of the leaves, only the larger veins remaining. 
In severe cases the trees may Ite entirely defoliated. There are 
two broods each year. 

Treuimctit. Fortunately this insect may be overcome very 
easily. Dry-slaked lime dusted over the leaves destroys the 
pest, and if air-slaked lime be freely used it will answer the 
same purpose. Pyretlinim, hellebore, or some form of arsenic, 
applied dry or witli water, will also rid the tree of the insect. 
Dry road-dust has been recommended, but is not always satis- 
factory. 


CHRYSANTHEMUM. 

Fungous Diseases. 

Leaf Spot (Septoria Chnjmnfhemi, E. & 1),). — Description. 
The fungus causing leaf spot of chrvsan the mums first causes 
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the formation of small dark-biwn spots upon the foliage. 
The affected areas increase in size until the leaves are so badly 
affected that they fall to the ground. It is only within the last 
few years that the disease has become serious. A leaf blight, 
caused by Cfindroxporium Chrysanthemi^ E. & 1)., closely resem- 
bles the leaf spot and is with difficulty distinguished from it 
without the aid of a microscope. 

New Leaf Spot (Phyllosticta Chr}/!^anthf>mi^ E. & Ih). — De- 
scription. This is anotlier recent disease affecting clirysanthe- 
mums. It forms upon the leaves rather large purplish-brown 
areas. Tliese appear soft and velvety upon tlie surface. When 
a leaf is severely attacked the portions apparently unaffected 
turn yellow, and tlie value of the leaf to the plant is de- 
stroyed. 

Treatment. Although these diseases have not been exten- 
sively treated, it seems very probable that they should be kept 
in check \Yithout much difficulty. Bordeaux mixture has in a 
few cases been used with apparent success ; and if the applica- 
tions are thoroughly made, and repeated at intervals of two or 
three weeks, there is every reason to believe that the plants 
may be kept comparatively free from disease. But these fungi 
have also proved to be troublesome in the cutting bench, and 
here their treatment is more difficult. Only healthy stock 
should be used for propagation, and if the plants have been 
well grown this should not be difficult to find. If the diseases 
do appear among" the cuttings, the use of fungicides will un- 
doubtedly be of value in clieckiiig the spread of the parasites. 


CORN". 

Fu.vgous D is f asks. 

Smut (Ustiloyo }fny(}is, I)(b). — Description. This fungus 
attacks all parts of tlie corn ]>lant above ground. It forni.s 
large black swellings on the stalks, ears, and tassels, lieing espe- 
ciallv common in the first two places named. It is le.ss fre- 
quently found upon tlie leaves. It doe.s tlie greatest damage 
in the ear, for it nni only ilestroys imich of tlie grain, but 
that which rernaius serves well as a source of infection to the 
crop grown the following year, provided any of it is used for 
seed. 
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Treatment. Effectual remedies for corn smut liave not -vet 
been found. Some claim that soaking the seed in a fungicide 
or in hot water may assist in preventing the trouble, but so 
,oany cases are on record in which such treatments were of 
practically no value that they cannot be recommended. 

Insect Enemies. 

Corn is subject to the attacks of a great many forms of 
insects. As these cannot, however, be successfully treated by 
means of the remedies particularly treated of in this work, they 
will not be individually describe{h Those insects which attack 
the roots of corn, generally appear when the crop has been 
planted upon sod land, and as a rule the older the sod the more 
numerous are the insects. Those which work upon the parts 
of the growing plants above ground are perhaps best treated by 
collecting them by band and then destroying them. No effec- 
tive remedies are known for several of the pests. If the grain 
is to be stored it will also be exposed to the attacks of certain 
insects. These may l.>e destroyed very easily by the use of the 
bisulphide of carbon ; but the corn must first be placed in a 
tight receptacle. 

COTTON. 

Fitngoi s Diseases- 

Maiiy fungous diseases of cotton have been described,’- but 
apparently no good remedie.s liave yet been discovered. 

Insect Enemies. 

Leaf-worm; Cotton-worm; Cotton-caterpillar (dfetm arglU 
InceiXy Hiibn.). — /Wnyi/mu. The adult insect is a grayish- 
brown moth whose wings expand nearly one and one-half 
inches. The slender green worms or caterpillars begin to 
aiipear in early s]n'iiig, the eggs having been laid upon the 
under .side of the young cotton leaves. The number of broods 
varies from three to six, so the transformations take place 
rapidly. 

Treatment. The arsenites are probably the best insecticides 
to use ill the destruction of this insect. They may be applied 

^ Atkinson, A/u. Agric. Etp. N/tr. IS9'2, Tc'c. Bulls, 86 and 41, 
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either when mixed ^vith water or when dry. Tho latter method 
is preferred by cotton planters, the imdihited poison being placed 
in osnabnrg bags which are held over tlie plants. Machines 
which nse the poisons diluted about ten times with flour oi^ 
plaster are also made. 


COTTONWOOD. 

FuNGors Diseases. 

Leaf Rust {Mdampsora popuUna, Lev.). — Description. Poplar 
and cottonwood trees are frequently attacked by a fungus 
which produces an orange-colored powder on the under .side 
of tlie leaves. Such leaves may fall (piite e.arly in the year, and 
if the attack is severe, the trees will be partially or entirely 
defoliated. The winter stage of tlie fungus is found upon the 
under side of the leaves also ; waxy pustules of a brown color 
mark its presence. 

Treatment. Thi.s leaf rust may be checked by applications of 
the Bordeaux mixture made early in the season when the first 
leaves have unfolded: the treatments should be continued at 
intervals of two or tliree w’eeks until about tlie middle of 
July. 

IxsECT Enemies. 

Leaf-beetle {Lina scripta, Biloy). — Description. Thi.s' beetle 
Is nearly three-eighths of an ineli in length, of a deep, blue-black 
color, more or less freely marked with yellow, or the ground 
color mav be yellow and the markings black, d'he adudr 
hibernate during the winter, and lay their eggs upon the young 
foliage. The eggs soon hatch, and tlie young black grubs 
begin to feed voraciously, at the same time growing rapidly. 
As the larva; grow older tiiis color becomes of a lighter shade. 
They have the power of emitting from the spines found upon 
their bodies a milky liquid pos.ses.sing a strong odor. There 
are .several brood.s each year. 

Treatment. The arsenites should l>e freely used for the 
destruction of the first broods, and if Ihe insects jqipear again 
during the sum me r, the application.s .should be repeated. 

Willow-worm, bee under Willow. 
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CRANBEURY. 

Fungous Diseases. 

Gall Fungus; Red Rust {Synchytrium Vaccinii, Thomas).— 
DeHcrlption. The presence of this fungus in the cranberry 
plant irritates the latter to such an extent that it forms the 
excrescences or galls which have given the popular names to the 
disease. These galls are of a red color, and in New Jersey 
they generally appear upon the young stems, leaves, floAvers, 
and fruit, about the first of ^lay. They arc quite small, being 
no larger than one twenty-fifth of an inch, both iji length and 
in thickness, but they are frequently so numerous that they 
give to the plant or even to a bog a de- 
cided red color. Tn such ca.ses the 
affected portions are frequently dwarfed 
and missliapen. Some of the spores 
seem to ripen during the winter or early 
spring, and infection takes place during 
the early growing months of the year. 

Treutmtni. It l\as been recommended 
to burn affected parts; and the .sugges- 
tion has also been made tn keep the bog 
dry during winfei- and sju-iiig. As tlie i-.u. 51.- Cranberry ;™id. 
disease apparently progresses by means 
of new infections, as do iiio.st of the fungous diseases which are 
under control, it seems reasonable to expect that application of 
such fungicides as the Bordeaux mixture or the amraoniacal 

J arbonate of copj'ter will prove beneficial if made as soon as 
^^)wtli begins in tlie spring. It would ]>iobably be necessary 
to make several such treatments, but the flowering lime of the 
plants .should be avoided if possible. 

Scald; Rot. — De^icnptlon. Scald of cranberries is produced 
by a fungus which attacks the fruit during July and August 
(Fig. 51). The first sign of the disease is the formation of a 
small, soft spot upon one side of the berry ; or the disease may 
ap[)ear in different places at the same time. This affected part 
soon extends throughout the entire berry, giving the latter the 
appearance of liaviiig been cooked. It is soft and of a light 
brown color, but the .skin reiu.ains unbroken. Later in the 
season the berry shrivels and may fall to the ground or remain 
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hanging upon the plant. The foliage is also affected, distinct 
brown areas appearing upon the leaves. The disease is most 
troublesome during w arm, moist seasons. 

Treatment. It has been recommended to sand the bog to the 
depth of an incli as a partial remedy. Keeping the bog as dry 
as possible during the summer montlis is supposed to be of ser- 
vice. The use of properly applied fungicides appears promis- 
ing, but the value of these cannot yet be told. 

IxsECT Enemies. 

Fire-worm; Cranberry-worm; Vine-worm; Blackhead (Rhopo- 
beta vaccininnn. Packard). — Ih script ion. The moths lay eggs 
on the under side of tlie leaves during tlie fall. These do not 
hatch until tlie following spring, the young larva* appearing 
during the latter part of April or in early May. The moHis 
appear early in June, laying their eggs about the middle of the 
month. The grown larva* liave ]c*t-black heads, the body being 
green and liaving fine hairs scaltt'red over tire surface. They 
feed upon the young leaves, ami ilraw tlicse together by im*aiis 
of silken threads. The moths are grayish-brown, lighter col- 
ored bands extending across the fore wings; the bind wings are 
dull brown. There are two lirouds. 

Treatment. The bogs may be tlooded after the eggs have 
hatched, in tliis manner drowning tlie larva\ Some growers 
prefer to spray tlie liogs at this time with tobacco water. Kero- 
sene emulsion might auswer tlie same juirpose. 

Arsenites, if applied early and thoroughly, have been effectual 
in destroying tliesc insects. Cranberry foliage appears b) be 
susceptible to injury from these poisons, so that lime shoulabj* 
added. Two quarts of glucos(3 or molasses are said to increase 
their effectiveness. 

Fruit-worm (.{crohasi!! Vacrinii, Kiley). — Description. The 
moths appear early in July and lay their eggs u]xm the .small 
cranberries, generally at the blossom end. The eggs are small, 
flat, and light yellow in color. 'I hey hutch in about a wnek, 
producing a little green isli worm, which, when mature, is about 
half an inch in length. These larvjo first feed a <lay or two upon 
the outside of tlie berry, after which they enter the fruit, Imb 
low’ing it out, and then anotlier berry is attacked. 'Die larvje 
do not pupate till fall, pa.ssing the winter in this condition. 
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Treatment. The habits of this insect render it of easy de- 
struction by the use of the arsenites. The bogs should be 
sjuayed as soon as the fruit has set, and later applications be 
made at intervals of about ten days as frequently as appears to 
lie necessary. Two treatments will probably prove to be suffi- 
cient in the majority of cases. Xo danger of poisoning the 
berries need be feared. 

There are several other insects which feed upon the foliage 
and the fruit of cranberries ; among them may be mentioned 
a weevil, tlie yellow-l leaded cranberry-worm, and the tip-worm. 
Proper applications of the arsenites, if made when the insects 
begin to cause trouble, will practically control the pests. Paris 
green is on the whole the safest insecticide, but it should be 
used with an eipial volume of lime. Some farmers use tobacco 
water with satisfactory results. Proper flooding will also mate- 
rially reduce the number of insects. 


CrCUMBEK. 

Fungous Disuases. 

Mildew i^Erj^iphe (Hrhorneearnm^ DC.). — Descv^itlon. The 
cucumber mildew caused l)y this fungus is found almost en- 
tirely in greenhouses. All parts of tlie vines are affected, 
althougli upon the fruit tlie disease is not so serious. The 
parasite grows merely upon the surface of the plant, producing 
white, moldy area.s, wliich appear as if they coii.sisted of a 
wliltc jiowjer scattered tliinly upon the affected part (Fig. 52). 
These Jfniy be so abundant that the entire upper surface of a 
lej^^fcovered, and the stems are frequently surrounded hy the 
'fungus for a comsidorahle distance. These sjiots may be easily 
removed by rubbing the leaf, since the only portions of the jiara- 
site which enter tlie cucumber plant are small projecting threads 
that enter the cells, and from these the iiouri.s}iment is drawn. 

Treatment. Fungi growing upon the surface of the host- 
plants may be successfully treated whenever they are seen, and 
the cucumlier mildew is no exception to the rule. It may be 
controlled by spraying with a solution of the liver of sulphur, 
the ammoiiiaeal carhonate of eo]>per, or the Hordeaux mixture. 
These .should be used at about three-fourtlis their normal 
strength, as cucumber foliage is tender and the disease is not 
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<lifficult to ovorroiiip. 'I’h<‘ ftiiiu‘s rjf siil|iliiir aro also ofT(‘ctive 
iu d<(stroyitiLC tlio fmi^nis. 'I'liis mildew alsn iilta«*ks verlienas, 
ill ivhinh cast; a]>|)lication?5 of tlio sulphide of potassium have 
given good results. 
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Powdery Mildew {Plamopara Cuhemis, B. & C.) See under 

Mi;!5Kmelon. 

Inskct TCnemirs. 

Melon-louse {Aphk Cucunm'h^ Forbes). — /)e.ym);^ion. This 
louse at tucks cu(uirl)it!iceons iiluiits, e.s[)ecially cucumbers and 
iiiuskiuelon vines, uhoiit the middle of dune. The affected 
leaves curl, the edges turning downward and inward, and thus 
affording protection to the insects, which iiropagate at a veiy 
rapid rate, [.urge (piuntities of honey-dpAV are excreted, and 
in this material a fungus grows which blackens the vines in a 
manner similar to tliat whieli occurs on pear trees attacked by 
the psylla. Badly infested plants die. 

Tmitwent, Tlie vines should be closely watched during tlte 
season, and the curling huives shouM be removed and destroyed 
with the iusect.s upon them. Aiiplieatioiis of the llubbai'd-Uiley 
kerosene emulsion , diluted about fifteen time.s, made to the 
under side of tlie leaves will be of value; or wbalc-nil soap, 
used at tlie rate of one pound to six gallons of w ater and simi- 
larly aj'tplied, will also ]irove effective, dlie insect i.s a difficult 
one to ke(‘p under control. 

Melon-worm {EuiJiopt'm hiiolinota, l.inn.). — TJeAcripfim}. The 
adult insect is a moth of liright, pearly-wliite color. A dark 
border extends along the front and outer edges of the fore 
wings, and ^ong the lateral margin of the liiiul wiug.s. The 
larvje are little over an ineli in length, yellowish-green in 
cdor, / tew hairs Vicing scattered over tlie body. They feed 
u!*v^ the foliagt' and fruit of melons. cueiiml>ei’s. squashes, etc., 
ueiiig particiilaiiy destructive in the .soutliern states. 

Tyfatmcnt. llellehore may bo used successfully; but the 
arsenites offer perhaiis the liest means of destroying the insects. 

Spotted Cucumber-beetle; Southern Corn Root-worm {Diahro- 
tiro, \2-punc(ahK Oliv.). — ])i’!(criptioii. The adult insect is a 
beetle about one-fourth of an ineli in length. It is yellow' in 
color, but has twelvi* black .'^pots upon its back, as its name 
implies. The winter is jiassed in tlie mature stage. The eggs 
are laid in spring about the roots of cucumbers, squashes, etc., 
and in the South corn is very commonly selected. The eggs 
produce a slender, dirty-white worm, which is about half an 
inch in length when full grown. There are two broods each 
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year. The beetles feed upon the plants mentioned above, and 
also upon other garden vegetables. 

Treolment. See under SriurKi) Cucumbkimie:ktj,k. 

Striped Cucumber-beetle (Diabrolica ritlafa, Fabr,). — Descrip- 
tion. The beetle appears early in s[u’ing and attacks the leaves 
and stems of the cucumber and related plants. Eggs are laid, 
these being placed in the soil at the base of the plants. The eggs 
soon hatch and produce small whitisli ^vonn.s that are about half 
an inch long wiieii full grown. They feed upon the roots of 
the plants, causing the latter to wilt and die. The larvie mature 
in about two months, tiic ii!S(Hd passing the winter in tlte beetle 
form. It is then very liaiidsoine, the b:u;k being yellow but 
marked with three black stri[>es nmning nearly the length of 
tlie wing covtM’s, The length of the insect is scarcely a (juarter 
of an inch; but the pest is so ai>uudant in spring that .serious 
damage is inflicted if no steps arc taken to prevent injury. 

Ttrntrnenl. Tlie more diftirnlt it is to destroy an hi.sect, the 
more remedies are recommeiuleil, and tie* very luimher of these 
is g^ood evidence that none arc* spi^citics. 1‘owders luive gen- 
erally been reconiiiiemlcd for the dcslniction or disposal of the 
two insects al)Ovc descriluMl. Tobacco p<)wder, or dust, is per- 
haps the l)est of these, especially if a little (“aii>olic acid be 
added to it. liie powihn’ may be ap[)Iied freelv to the plants, 
and a]>)»tications should be repeated iit intervals (>f a few days, 
selecting a time when the ]»lan(s are wet. Inliplacc of (ho 
above, it has been recommended to n^e lime. plastC", road-dust, 
etc., and kerosene may be substituled foi' carbolic a('n[. d’lic 
arson ites. when used diy ami mixed with some of the agojl't'. 
may also ])ossess considerable value. All ap]>lication .should bt 
made early, ami, if possilie, to the under .si<le of the leaves. 
Spraying has not yet proved .satisfaetory. 

Plants are frei|neiitly ju’otected by means iif a device consist- 
ing of a light frame, as two pieces (d' barrel-hoops crossing each 
other at riglit angles, cf)verral lo' some fine rnosipiito netting. 
The frame is placed over the young plants, and over this is 
spread the netting. The edges of the iulter must be well 
covered with earth, else tiie beetles will succeed in entering, 
and when once under the netting it apjiears to be impossilfle 
for them to get out again. When tfjc plants have made a good 
growth the screens may be removed. 
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CURRANT. 

FuxGOCs Diseases. 

Anthracnose; Leaf Blight Uibh^ M. & D.). — De- 

scripiion. During llie latter part of June and early in July 
there occasionally appears upon the ui)per side of the foliage 
of cultivated currants small brownish-black spots, which are 
as vet still confined to the interior of the leaf tissue. As these 
spot.s enlarge, the epidermis on the up})er side of the leaf 
becomes raised and loosened, and this gives a whitish appear- 
ance. to the alTected part, although the general color of the 
diseased tissue is dull brown, Tlie entire leaf then changes to 
Yellow, and finally it falls to tlie ground, this taking place early 
in August. 

'rreatmtni. Although tlie ilisease lias apparently remained 
uiitreale<l, it is very prohablu that applications of fungicides, if 
nnide tlioronglily ainl early in the season, will prove effective 
ill controlling the trniihle. 

Rust; Leaf Spot {Seiiforin Desm. ; C<'rros}tnra nnguJaia^ 

AViiit.). — Dcscr/p/mn. Tliis disease attacks all v:irieties of 
currants, generally appearing a little liefore midsummer. It 
attacks the foliage of gooselienies as well. Tlie first indica- 
tion of tlte disease, is the a))pearauco of small brown spots upon 
various parts of tlie foliage (Fig. od). These may be so abun- 
dant as to ftfm considerable areas. 

AVhat is^vobably anollier disease causes the formation of 
whitisV-'v.^)ts having black centers. I’liese fungi are often 
]t|eym at the same time, and as their liistorie.s are not yet 
bnlv known and their treatment is the same, the two may here 
he considered together, d'liey cause tlu" leaves to fall from tlie 
bushes when the attack is severe, so that the plants may be 
entirely bare lUiring the hitler part of the summer, thus greatly 
weakening them. 

Treat meut. Tlie ]ilauts should be sprayed witli a clear fungi- 
cide, as the ammoniacal carbonate of copper, to avoid staining 
tlie fruit. After harvesting, the Bordeaux mixture may be 
used to advantage. The fir.'^t apjJicatioii of the seiison should 
be made about two weeks befoix' the s[Hits may be expected. 
Since ilie Bordeaux mixture, if properly prepared, cannot injure 
the plants, it may be freely api>iied. 
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IXSECT DyEMIES. 

Borer; Imported Currant-borer [Pt}€rl(\] tipuHfomis, 

hinn.). — Deiicriplion. Tlit* parent inotli,,\vliieli is aUout three- 
quarters of an ineli across tlie exjainled ^vill^s, is l)hnsh'hliick 
in color, and lias tiiree ytdiow bars extending across the abdiv 
men. Tlie eggs are laid in the spring, and the small wliite 
larvjB Bhicli soon a]>pear gnaw to the inth, upon which they 
feed. They pupate in the fall, but the moth does not aj*pcar 



Kii.. — < 'iirr:irit Ifiif -jMit. 


till the following spring. The presence of this borer materiaily 
reduces the vitality of tiie cane in which it feeils, to the injury 
of tile crop, (loijseberry plants are also oce:isioiialIy affecteil. 

Tr^fitini nt. The he.st way to overconu; tlifi pest is in w.'itcli 
for weak canes, and when these are toiinil they .should be cut 
off clo.'^ to the ground and biinied. 

Currant-worm; Currant Saw-fly; Gooseberry Saw-fly; Im- 
ported Currant-worm (Aho/m/xs /va/Wee.oi.< King.). — Ihsrnp- 
tion. The currant-worm was itiqiorteil fiom Kurope [n 'tjahlv 
some years before 'I'lui adult insect is a four-w ingnl 

fly which bears a certain resemblance to the commo]i house- 
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fly, except that it is somewhat larger and lias a yellowish 
a})i)eaiaiice. d’lKise Hies Jnay be seen in abundance in early 
spring hovering about the currant and gooseberry bushes, just 
as the tirst leaves are expanding. The small, white eggs are 
laid on the under side of tlujse leaves, generally in rows along 
the larger veins. The eggs hatch iu a week or ten days, and 
tlie W{)rms iinnuMliately begin heeding. The presence of these 
iiistiets is freipiently not noticerl until fully cue-half or two- 
thirds of the leaves have been destroyed; this arises from the 
fact that the eggs are almost invariably laid ui>oii the leaves 
whicli are near the groiiinl, and also near the center of the 
plant. Tlie ui)per fcjliagi* is therefore reserved till the last, and 
then when tiiis also is gone the Imshes appear as if .suddenly 
defoliated. Tiie young larvie are at first whitish in color; they 
soon becoiiK* gi-ecm, and later they are spotted with black. 
Before ]>in>ating they again l)ecome green. There are from 
two to four bnjotls a year. 

Tnntmeut. 'I’here is no insect whicli is more easily con- 
trolled tliiin the cnrraiit-worin, yet there is scarcely one which 
is left so UMdistiirbml in its destructivi* work. The principal 
trouble is that the pest is not noticed until the currants are 
aliout one-half grown, aiul at that time much damage has 
alr(*udy been done, and eggs are being laid for a second brood. 
If (lie ]dants be thoronghly siuayed witli an arsenite as soon as 
the tirst h’a\|is are nearly grown, no injury will be done to the 
Iriiit, ami j^aeticiilly all of the first biood ill be killed, and 
with it ^1.5 sreuiid juie also. But this first treatment must be 
nrnh early. If later ones are necessary, hellebore will l>e found 
an ellectual remedy, wliether a|[iplied dry or mixed with water. 
Such applications will also free the bushes from other leaf- 
eating insects. 

Four-lined Leaf-bug ; Black-lined Plant-bug ; Four-striped 
Plant-bug; Yellow-lined Currant-bug {Pafilorapsm Uneatu.^, 
Inibr.). — } ifSi'npi'nm. Tlie matiiie insect (Fig. .Tl) is a bug 
about oiuMliinl ot an inch lung. Its back is yellow, but four 
black strii>es extend nearly i(s entire lengtli, and these have 
any popular names of the insect. Kgg.s are 
of ilie soft growtlis about a week after the 
ad 111 Is. d'he eggs do not hatch until the 
lie young insects apiiearing during the latter 


given rise to tlie m 
laid ] J tr Ilie tips 
^W’anmee of the 
fdCowing spring, t 
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part of May. Wliilo yoinis? they are bright red iu color, but 
later more black appears (Fig, ou). The adult insect may be 

found during June 
and July, d'he in- 
sects attack the 
leaves at the tips of 
the slioots, sucking 
out the juices. This 
causes the forma- 
tion of small, brown, 
angular areas of 
dead tissue (Fig. 
r>t)), wliicli at once 
indicate tlie pre.s- 
enee of this bug by 
giving the, leaves a 
cliaracteristic spot- 

Fio. M. ~ Koiir-tiiu'd Irarbiitr nf jululf, a}>J>e.Jl .nice. ^ 

TrynhtteiiL d’lie 

insect is extremely active during the day, but in the early 
morning it may be 
jarred fioni the cur- 
rant or gooseberry 
Inishe.s ainl cauglit 
in pans containing 
kerosene. Kero- 
sene etnnl>i<ni, con- 
taining at least 0 
per cent of tlie oil, 
will destroy the im- 
mature insects, but 
it must be made 
still stronger to kill 
the adults, 'I'lte 
young iti sects 
should 1)0 rlestroye*] 

if possible. A tliird _ Kour-lin.'.l b iir hiur, Iminature / >rm, 

way to overcome ' 

tlie jxist, and tM'rliaps the best one, is to cut o(T the tips oti^he 
shoots which carry eggs and tijcn destroy them. 
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Green Leaf-hopper; Cunant Leaf-hopper {Empoa alhopicia^ 
Forbes). — Dcscriplion. These insects are true bugs. Tliey 
are rather sleiuler, and about au eighth of an inch in length. 
Tlie color is light green, almost white. Tlie insects suck the 
juice.s from the under side of the foliage, and this causes the 
formation on the upper surface of white areas which invariably 



Fi<}. 50. — Currant foliape injured hy the four-lined leaf-bu^. 


Indicate the ju-cstmce of the ]X'st. (' nr rants and gooseberries 
suffer mo.st sevfo't'ly from tlie first brood, during May and June. 
TreaUmnt. Insect iciile.s wliicli kill 1)V contact must be used. 

g e emulsion, if directoil towards the under surface of the 
A ill de.stroy great numbers. r\Tethn]m may be used 
nllv, if the jdanfs are first thoroughly wot, and the 
then freely dusted upon the foliage, from beneath 
u 
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if possible. Tobiieco <iiist or liquor, or some of the many liquid 
commercial insecticides, will prove of value if properly applied. 
Whale-oil soap lias also been recoimneiided. 


DAHLIA. 

Four-lined Plant-bug. See under CruKANX. 

Green Lettuce-worm. See under Lkttuce. 

EGGPLANT. 

Fi'xgocs Diseases. 

Anthracnose {^(ihfosporluia Mdoniieueu, E. h Hals.). — De- 
scriptinn. d'liis fungus a})j)ears to attack the fruit more 
seriously than the otlier j)arts of eggplants. It causes the 
formation of shallow pits in which very small pink blotches 
appear. The disease lias as yet not caused much loss, and no 
attempts directed towards its treatment appear to have been 
m.ade. It is probable tliat the remedies recoin me luled for the 
leaf spot will i)e snthcieiit for check iiig tlic aiitliracnose. 

Leaf Spot hnrtuynm^ “ Df/sniptnnu AVlicii 

tills fungus attacks tlic foliage of (\ggplants it causes the leaf 
tissue to turn brown, and later it becomes drv and brittle. 
These parts may in a short time fall from the leaf, forming 
openings of varying sizes. Wlicii several nf siudi areas are 
situated near each othc-r, large p<jrtiniis of the 'leaf may be 
affected, and it frequently happens tliat the jdants li»se nearly 
all their foliage in tliis manner, "[’he fruit a]>pears to he 
affecteil by the s:iine fnngns. lii^re it apjMUirs as a dark dis- 
coloration which causes tlie fruit to rot, and consequently 
renders it wort li less f{>r market. 

TrentiH^tif. If tiie leaf-^pot fungus is feared, the young 
plants should be sprayed with tlie I’ordeaux mixture as soon 
as tliey liave become established in tin* held. A]iplicatioiis 
.shouhl be rej)eated at intervals of two or tliree weeks. When 
the fruit is approacliing inaturity, a clear fiingifTle should be 
applied in place of the Bordtuiux mixture, to avoid staining the 
fruit. 


Insect Enemies. 

Potato-beetle. See under Potato. 
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ELM. 

Insect Enemies. 

Canker-worm. See under Apple. 

Elm Span-worm {Eufjonia mhsignaria, Iliibn.). — De&cri'ption, 
These insects Iiatch from eggs as soon as the buds break in the 
spring, d'he larv* are coininonly known as mea-suring, or 
span-worms. They are grayish-l)i’owii in color, having a large, 
red bead, and the last segment of the body is of the same 
color. The larvie pupate about the end of June, and during 
July and August tlie mature insect appears. It is a pure white 
moth, the wings expanding nearly one and one-halE inches. 

Ti'entment, Wlien possil)le, the affected trees should be 
thoroughly .sprayed with Paris gieen ii.sed at the rate of one 
pound to loO gallons of water. This is the best remedy against 
all insects w hicli work on tlie foliage of shade trees, but when 
the trees are large inucii diilicultv is experienced in reaching 
all parts. See also page 1!).'). 

Gipsy Moth i^Orutria <!isp<u% Linn.). — iMscrIplion. The 
gipsy moth is found in America only in the immediate vicinity 
of Host on. It lias there caused great damage, as tiie larvae are 
voraeious feetleis and take kindly to nearly all toli.’ige. I'he 
eggs of tlie molli are laid during July, August, and .September, 
generally near tlie. pn})a case of tlie female. They arc deposited 
in clusters, and covered w itli a thick layer of yellow* hairs. The 
following .spring the young eaterpillars a]tpear, and for about 
ten weeks they feed upon tlie foliage of most i>lants. When 
grown they are two indies or more in length, and greenish- 
browni in color. Each segment of the body bears upon either 
side a tuft of hairs, while, along tlie liack there is a double iw 
of .spots, those on tlie four anterior segments being purple in 
color; tlie reniaiiider are brown. Tlie insects pupate in some 
sheltered spot on the trees, or in neigliboriiig fences, etc. In 
this state tlicy remain about ten days, when tlie adults appear. 

Trenfment, Tlie caterpillars are readily destroyed by the 
ar.senites, Paris green ami the ar.senafe of lead having been 
most extensively used. Tlie hitter is effective wlien used at the 
pounds to 15(1 gallons of water. It is not feasible 
iii^any cases to make such np[dicalioiis, so the insects are 
■ ?l^royed by collecting the eggs, and destroying them, and also 
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by trapping the larvie under bands of burlap, or some similar 
material, bound about the trunks of the trees. ^ 

Imported Elm-leaf beetle; Elm Flea-beetle {Gdleruca xantho- 
melccna, Selir,). — Dm'ninhm. The niaUire insect resembles 
the strijied cuciimber-beotle in size and markings. The larva 
Ls long, slender, and yellow isli-bhick. It has a yellow band ex- 
tending along the back and sides. The pest is most active from 
May till August, eating the soft tissues of the leaf, Vmt not the 
veins, 'hhere are three or four luoods. Serious eastward, 

Tn^ntmiuL The arsenites should be used when possible, 
spraying the tree thoroughly. When large trees are attacked, 
the iu.sect.s may be destroyed by pouring hot water into .all 
crevices and cracks about the base of the tree and in the imme- 
diate neighborliood. The insects pupate at the surface of the 
ground wlierever a slight shelter can l>e fouml. Kerosene 
emulsion applied in the same manner would also probably 
prove effective in tlieir destruction. 

Willow- worm. See under \^Tl.LO\v. 

GOO.SEBKRllY. 

FcxCfOrs Diskasks, 

Mildew {Sphixyniheca .l/ors-xco’, B. & C.). — De^cripthn, The 
fungus attacks the foliage and young fruits soon after the buds 
have broken. The tirst appearance is the formation of a cob- 
■weWike covering which Hts close to the jdant. Tater these 
areas become wliitisli. and a]ipareutly sjuinkled with a fine 
white powder. Affected leaves and shoots are checked in their 
growth, and finally they l>ecome dry and brown; diseased .shoots 
often branch freely (Fig. The berries are checked in 

their growth, and generally drop from the hushes long befwe 
the time of maturity. Tliey also show the ]>owdery coven iig. 

Treatment. The disease is caused by a surface fungu.s, and 
the w'hite threads seen on tlie host-plants form the body of the 
para.site. This may luj desfroyerl hy applicatifjiis of fungicides, 
especially some of tlie cojipu' componml.s, nr of the sulphi<le of 
potas.sium. Weekly applications of the latter liave givep excel- 
lent results. To avoid staining the berries, clear fub^'ici^s 

* See the reports of the Mms. State BU. of Aifric. on the “ Kx termination*^"^ 
Gipsy Moth.” 
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should be used, although the Bordeaux ruixture may be applied 
once or twice early in the season. The first application should 
be made before the buds start in the spring. 

Insect Enemies. 

Gooseberry Fruit-worm (Dnknnna convoJutella, Hiibn.). — 
scription. A pale, gray moth lays its eggs upon the young 



gooseberries in early spring, and the larv.T which appear enter 
ilie berries and feed within them. This causes the fruit to 
ripen prematurely. AVhcn the worm is full grown it is about 
three'fourths of an inch in letiglh; its head is brown, but the 
• ' ly is light green. It leaves the berry and enters the ground, 
^^ssiug the winter in the pupa state. 



294 The Spraijini) of Plants. 

Treatment. Tlie uftected berries should he destroyed when 
discovered. PouLlry will aid in destroying the larvte before 
they pujnite. It has been recoinniendeii to spray witli 
the sulphur and m hale-oil soap wasli just" before tlie eggs are 
laid. 

The other insects which work upon gooseberries have been 
tnentioiied under Cc rkam’, whicii see. 


GRAPE. 

FuxGors Disk ASKS. 

Anthracnose; Scab; Bird^s-eye Rot {l^phacdoma AmpeUnnm, 
DeHary). — Ihrrription. Antlnacn(r<e is ])erl\aps the most 
formidable disease with which the vinevardist has to contend. 

It does not yield to the same treatment whicli cliec'ks the otlier 
fungous diseases of the graj'c, ami evtui when ap|>lications are 
made which are es[tecialiy designed for its (‘ontrol. the results 
are not invariably satisfacdorv. 'Mie vines should tlierefore be 
^\atched, that the first sign of tlie disease may lead to its tinielv 
treatment. 

I’he fungus causing anthramiose attacks the fttiil, the leaves, 
and the stems, in fact, all green ]>arts of the vine. It mav 
appear anytime during the growing season of the jdaiit, but 
most commonly alfeets the limries during the mitldle and latter 
part of summer, i he name *■ aiithraciiose ” is now generally 
used ill this country ami in Europe, It is formerl from two 
Greek wonls meaning "eoar’aml ‘-disoasef’ the dark disimlora- 
tiun of the atfeeted ]>urt suggesting flie name. 

llte .slioots of the grape are ymy subject to tlie attacks of 
the fungus. The tirst indication of the troulde is a ilarkening 
and sinking of small, oval areas wliich ext end lengthwise jf 
the stem. The.^e may bi* very abundant, giving the sliooi.^'^i 
.s{)eckled appearance, 'riie si»ots gradually enlargic and the* 
center assumes a gray color, the edges still remaining dark, and 
having a more or less decided tinge id jinrplc. After the 
di.sea.se ha.s progresserl soim; weiA's, tlie stem is very seriously 
injured, and if there havi* been several points of attack, its 
growth may be entin'ly checked and the shoot destroyed, 
Epon the leaf the disease caiise.s cliaiiges very similar to tlio.se 
of the stem, but there i.s a rerlilish-browu color in the alTectbiV;^ 



Grape. 


295 


areas, which renders it more difficult to distinguish this disease 
from some others. Hut one peculiarity of aiithracnose is that 
it generally attacks tlie veins of the leaves, as well as the leaf- 
stems, aiul so its identitication is not always dilTicidt. The 
stems of the clusters are also injured, and it frequently occurs 
that a part is completely girdled, causing a ring-around,” as it 
is commonly called. The berries below the ring do not ripen, 
but remain green, and gradually shrivel. 

The berries of some varieties of grapes are almost invariably 
affected to such an extent as to render them unfit for market. 
The Vergennes, Diamond, Salem, Agawam, and many others 
are very sn.sceptible to its attacks. The first indication of the 
presence of the fungus on the berries is the formation of dis- 
tinct brown .spots which are practically circular in outline 
(Fig. o<S). The discolored part is sunken, and may be bor- 
dered by a margin which lias a tinge of red or purple. If a 
bcrrv is attackeil in several places, it bi^comes speckled in 
appearance, until the sj'iots grow into eacli oilier, forming con- 
shlerable areas of irregular outline. 'Fhe portions first diseased 
uiav change to a lighter, or even to a gray color, on account of 
the riqtturingof tlie epidermis or outer skin, forming a hard- 
ened “scale” 

Trmtnirnt. In Knro{>e, where the fungus lias long been 
known, it is the. custom to wash tin; vines and the stakes during 
winter or early spring with tlie sul])hijrie acid and sulphate of 
iron solution. The liipiid is a])plied by means of swal>s or 
brushes. It blackens the canes, and this is a test of the 
thorougliin'ss of tlie work. See [>ages 4.1, 

If, after two or Hire*' days, there remain portions which are 

g inged in color, the vineyard is ti‘*‘at*‘d a second time, par- 
ir attention being paiil to the jmrts omitted at the first 
nent. In addition to these winter treatments, the vines 
are sprayed during tin- suinnier months with the Bordeaux 
mixture. A.s tliese appliciilioiis are made more particularly for 
other iliseases, the downy mihlew and the black rot, they will 
not be mentioned here in detail. 

Kuropeaii viueyardists seem to have perfect control of anthrac- 
nose by following the above line of treatments, and the work 
<lone in America is also promising. 14 le cost of washing vines 
' -nd stakes in thi.s country scarcely exceeds two dollars per acre, 
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as shown by actual trials, ami marked benefits appear to have 
followed the practice, even under adverse circumstances. Vine- 



Kio. W. Brig'htun ^rri[)t!S affortc'd witJi anthrarno^e. 


yardists whose grajHis are troulded with antbracnose are advised 
to give the above remedy a thorough trial, for it is the best as 
yet known. 
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Black ftot ; cnaroon [ Lmtadia Bidicellu, V. & R. ; Pkoma uvicola, 
B. & C.). — Description, 'i'he name “ black rot” has been com- 
monly api)Ue(l to this disease on account of the appearance of 
the alTected berries, tiiese being of a deep black color. But the 
fungus causing the rotting of the fruit also attacks other parts 
of the plant. On the shoots it foi-ins dark, oval areas, which 
are slightly sunken. 1'he centers of such spots are more or less 
thickly .studded witli very si mill elevations or pimples, these 
being characteristic of tlie di.se ase, and by their aid the trouble 
can in most cases be identified. Affected leaves turn to a dark, 
reddisli-brown color at the injured part. These portions are 
generally found lietween tlie larger veins, and not centered 
upon tlieni, as in the case of anthracnose. Their outlines are 
generally roumh^l. 

To the \ iii(\vardist such attacks are, however, of slight im- 
portance a.s compared with those which injure the fruit. There 
is pi'ol)al)ly no fungous tlisease of the grape which annually 
causes greater losses tluin Die black rot. Although each berry 
inu.st be .separately affecte<l, since the disease doe.s not spread 
from one to tlie otlier ])y means of the .stems, yet the conditions 
are gmicrally so favorable that a large ]:)ercentage of the crop is 
annually lost. Tliis a]>idie.s particularly to southern vineyards, 
for in them the disease is much more virulent than at the 
Xmih. In New York, tlie fungus is not generally serious, only 
those regions being visited in whicli the climate is ameliorated 
by bodies of water, or by other hx'al conditions. Localities in 
which the Latawba ripens well may be considered a.s subject to 
the ilisease; colder climal«\s are comparatively exempt, 

drupes whieh sliow tlie attacks of the black-vot fungus are 
g^Tally nearly or ipiite full grown (Tig. 5P). It is therefore 
v^ring August and September that the disease is mo.st to l>e 
Teareii. If the berries are still green wlieu tlie fungus gains an 
eutrani'e, tlie affected jiart turns a pnr]>lish brown, this color 
gradually extending to the entire berry, which still retains its 
form and firmness. The ]iart first attacked gradually becomes 
blackened, ami cliaractm'istic pimples apjiear. At the same 
time the berry shrivels and becomes strongly ridged, the seeds 
projecting prominently under tlie drawn skin ; the entire berry 
is tlien black, and minute elevations may be .seen scattered 
thickly over its surface. Tliese changes may take place very 
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rapiLlly, so that apparently in a few days a crop may be largely 
rodneed. It seems to re(jnire about a week for the disease to 
become noticeable after infeetioji take,'< place, the rapidity of 
the later changes depending very laigviy upon the coinlitioii of 
the weather. A warm, moist atmospiieio is particularly favor- 
able to the development of tliis fungus. 

Treatment. Although the black rot appears late in the season, 
it is always safe to bi'gin early in treating the vines, d'he cojv 
per compounds, espeeially the Bordeaux mixture, have .shown 
themselves to be praetieally speeitics against tliis disease. Ajv 
plications should be made before the disease has a[>peareil. In 
the South, where the rot is a regular visitor, the treatments may 
be commenced to advantage as soon as the first leaves have 
fully expanded. Tlie .second application may bo made after the 
vines have blos.sonied, and the tliird from two to four weoks 
later, depending upon the season. 'Fhe Bonleaux mixture may 
l>e used with safety up to tlie time when the berries are three- 
fourths grown, but if used later tiian this, there is rlanger of 
staining tlie clusters and reducing tlieir market value. 'I’lns 
may be partially avoideil by re<lneing the strength of tlie normal 
mixture one-fourth or one-third; although not so etVeetive as 
the stronger mixture, tlie dilute form still possiesses mneii value 
as a fungicide, and it may la' used to advantage. Or the 
ammoiiiacal carbonate of enppi'r may be used in its plaee, ami 
this is the tujigicide \eiy commonly emjiloved wlien the later 
apfdieations are made. If the weallier is favorable to the dis- 
ease, appbeatious should be made al'onl every ten days after the 
fruit i.s grown. Six or seven applications slionid praetieally 
prevent the apinuirance of the disease, ev<‘ii in bailly infested 
districts. v 

III the Xorth. where the attacks are not so severe, the treaty 
meiits need not be begun so early. If the viins are tlmroughi^. 
.sprayeil about the first of July, and two adililimial applications 
are made at intervals of two or tlirf>e wer-ks. little tionlile need 
be anticipated from black rot. 

But everything depenrls upon tie* thoroughness with which 
the work i.s done. It was formeiiy supposed that to sjiray the 
clu.ster.s was injurious to them; luit this is a fallacy. 'I’lie clus- 
ters shouhl be trefited as widl as the foliage, especiallv wlieu 
they are young, and if tlie piactice can be continued without 
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injury to the appearance of the fruit, so much tlm better. It 
is necessary tliat the growth from the spores which fall upon 
tlve berries sliould be stopped, and this can oiily be accomplished 
by treating the clusters, as well as tlie otlier parts of the vine. 

The cost of spraying grape-vines depends upon a great many 
factors, all of which cannot here be discussed in detail. Good 
machinery is of the greatest importance, for upon thi.s depend.s 
the quality of the spray. Keliable help will also increase the 
cost of the work, for such men will use more time and more 
material than shiftless workers. Yet only such labour should 
be employed. The time of tlie year also affects tin? cost of the 
work, since early in tlie year there is mucli less surface to be 
covered. The character of the season also influences the total 
outlay of the year, for in some seasons twice as many appli- 
cations may lie required as during others. A few data regard- 
ing the spraying of grapes may be inentiniied, with the assurance 
that they will serve as guides to those beginning the work. 

Taking an average of the applications made during the entire 
season, it may be said that each vine should receive approxi- 
mately one quart of Ih^nid at each application. The cost of 
material and labor should not much exceed oue-lialf a cent per 
vine for each treatment, wlietlu-r tlie Ilordeaux mixture or the 
ammoniacal carbonate of copper is used, the latter being a little 
more expensive. When this small outlay is compared with 
the great l^eneftts which so com iiioiily result from the work, it 
is strange that the practice is not more geni*rally followed. Tlie 
above flgures refer t<i vines of the ('oncord type, tliese making 
a very extensive growth. Kor less vigorous varieties the cost 
may lie reduced, and the use of .some of the inachiuc.s now 
manufactured will still further lessen the expense. 'I'his is 
especially true in the North, where the Mack rot and otiil*r 
fungous diseases of tlie gra]ie are not so serious as southward 

Downy Mildew; Brown Rot; Gray Rot (Pf>ronosji<jrn vlficnla, 
Dellarv). — D^Sfrif/don. 'Phis fungus attacks tiie stems, foli- 
age, and fruit of the grape-vine. Wliile it is not generally so 
seriou.s as the black rot, in tlie northern .state.s it is inon* com- 
monly seen, and prol»ably causes the loss of more gra[x*s than 
its southern neiglihor. 

The external characters of tlie downy mildew are very di.s- 
tinct. On the shoots it causes the formation of brown, slightly 
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sunken areas ; these may be easily distinguished from the deeper 
and more distinctly marked spots caused by anthracnose. But 



F[(}. 6<1. — Downy mildew upon grape foliage. 


it is only in very severe cases tliat the shoots are affected to an 
injurious extent. It is on the foliage and on the fruit that the 
greatest harm is done. The foliage (Fig. DO) first shows the 
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presence of tlie parasite by portions of the loaf turning a lighter 
green than that of the normal tissue. Later, these parts turn 
yelloNV, anil wiien the ilostrnction of tlie tissue is ooinplete, the 
parts affeeteil are of a broNvn color. If the under surface of 
such leaves is examined, it ^vili be I'ound tliat thiuo is a frost- 
like substance projecting from tlie discolored part of the leaf 
after the upiH>r snrfact^ liashegun to turn yellow. This appear- 
ance is due to the formation of fungous threads which project 
beyond the leaf surface and hear tlie smnmer spores of the 
parasite. This appearance assists materially in identifying the 
disease. 

Fhe fruit is also very susceptible to the attacks of the downy 
mildew; hut when that is atl'ected, the vine does net suffer so 
miicli as the grower does. In ease of diseast'd foliage, the cmp 
of tlie next year, as well as tliat of the ]U'esent, is tiireateiHMl; 
blit with iliseased fruit it is only a matter of the jueseiit year, 
which is all-sufficient to make tlie grower anxious to know 
wliat can l>e done. 

In the soutlierii states tin* mildew ai>i)ears dming June, hut 
in the North it is not feared before July. 'I'lie young berries 
suffer verv extensively. ’I'liey are generally attacked before 
they are oiie-half grown. 'I'ln* name •■i)^o^Ml rot” has been 
applied to such fruit on account of the brown color wliicli sujo 
plaiits the green. I.ater, us the fniigms matures, the aff’eeted 
Ijerries become covered witli a whitish ])ow(ler, — the fruiting 
thivails an<l tin* sj«>res of tin- ]>arasite, ~ and this gives the ber- 
ries a grav color, from wliieli lias i‘onn‘ one of the popular names 
of r lie disease, llotli forms of tin* rot are nevertheless caused by 
tile same organ i,>in. altlioiigli (In* external cliaraeti rs differ. 

Tifithivitt. 'I'lie downy mildew of graj'es may attack the 
vines llirouglumt tin* growing sinisuii. and for (his reason it 
is more essential tliat a]>])lii a!ioiis be ina<le earlier in tlie 
Year than those necessarv for tin* control of the black rot. 
W here dr jwny mildi'w is found, an ajrplir'al imi inadr* when tluj 
slioots liave grown from six to tr*ii in(;h(‘,s is a v'ery important 
one. d’lie secoinl shonhl hi* nnnle after tin* vines have blos- 
somed, and later ones slntnid sneei‘r‘r| eaeh otlir*r at intr*rvals o! 
two to four wr*r‘ks, taking tin* same pi-eeautious against stain- 
ing the fruit as nienlioned iiiid**r Hi.a< k Hot. Tlie treatments 
should be preventive ratiier tliaii curative. 



Powdery Mildew (IfnernttUi spiralis, B. & C.).^ — Ddscriplion. 
The fungus ciuisiiig the powdery mildew of tiie grape differs 
from tlte juvCfMlliig rliseases in the fact tliat it is a surface 
fungus, tho Itody of the }>arasite not lielng found in the tissues 
of tlie host-plant, but upon the surface of the green parts. 
Tlie vine.s are attacked througliout the growing s(iason, but 
ctjiitrary to tlie general rule, the disease develops more abiui- 
daiitly duriug comparatively dry weather. It is therefore 
fuiiml over a wide territory, but fortunately it is not as a 
rule very serious. 

Young shoots attacked by the powdery mildew are checked 
in their growth, and if the threads of the fungus are abun- 
<laiit, they impart to tlie alTected portion a grayish-white color, 
'riiirf color is [particularly nutice;^ljle upon the leaves (Fig. Gl), 
fur the fungus almost invariably grows ujioii llieir upper sur- 
face, and if allowed to ilevclo}) uncliccked, large patches soon 
become covensl so thickly that tlie green parts underneath can 
no longer he seen. If these jtalelie's ai'e ilrmly rubbed, the 
white covering may be r(Miio\'e(l. aiul the lirowningof the parts 
formerly covered will he seim. 'Diis is es[Pecially distinct wlien 
tlie mildew has made an emn-getic growth. The discoloration 
is due to I lie small suckers wliii'li the fungus lias projected into 
the leaf cells fur the piirj'ose of oiilaining nourishment, and the 
greater the nunilier of these suckers, the more marked is the 
discoloration. 

vMVected h(>n ies show similar discolorations, and tiie whitish 
ciivcring inav be I’eiiioved as well. As the berry grows, the 
iiijnv(‘<l parts assuna* a brown, scurfy covm’ing wliicli i.s com- 
[losi'd of di'ii’d epidetinis. d'liis golden-hrown iilm is very 
commonly .seen iijiou green grajics; if is often cracked so that 
the green ti.ssue is visilde. Sarh disfigiireinenls are, however, 
not ahvay.s caused by the juiwdery mildew, since any cause 
which destroys [lortions of the cjiidcrmis will l>e followed by 
similar ili.scolorations. 

Trcatmmt, 'I'hc powdery mildew is not a serioms di.sea.«e, 
and as tbe body of the fungus is not within the host -plant, 
there is little occa.sion for treating the vines until the fungus 

* Till' coitiiiiun Mirliirt' inlldrvv nf KiimiH-iin viin's is (Viaimn Tuckorl. B, la 
C' DiTiil ii|t]ii‘ai'niH-o it iTSfiiiiilos t>iir itowilcry iniltlcw, Bm it is uioix' easUy ciin* 
trolli'd, ihu llowvTS of auljiliur liavlti^ long provtsl to be a 6}K‘cific. 
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hiis put in an appearance. Sulphur has been very generally 
reconiineiuled for Us dcstructiou, the upplicuiion being made 
either ^Yi^h the dry i>o\Yder, or after the sulptmr has been 
mixed ^Yith ^Yatel^ Tlius remedy has not given uniforiulv good 
results out of doors, aiid a safer ]dan is to use sonu^ of tlie 
copper eontjX)uiHls. Carbonate of copper dissolved in atmuotiia 
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Is an excellent remedy, and it is easily applii'd, All j>arts of 
the plants siiould ln^ treaterl. 

Rattles; Shelling. — It fiequimtly faamrs that 

gra|s*-vines <lrop their Iwriies just as tlie latt(*r arr ripening. 
The outer exti'‘*iniiit‘s of tin* i;lMst(*rs aie first alb'otod. Ihis 
trouble is primarily caused by defective nutrition of the berries, 
and, although to a certain extent intiuenced hy tlie action of 


fungi and insects, the remedial measures should be directed 
towards strengthening the plant by means of proper fertil- 
izers, potash being fjerbaj^s the most important element re- 
quired. See Cornell Bnlieliti, 70, for a full account of the 
trouble. 

Ripe Rot; Bitter Rot ((rfmaporiuia fruciigenum, Ilerk.).— 
Description, Tlie names given this disease are suggestive of 
the time in which tlie berries are attacked, and what elTect the 
fungus has upon the flavor of the fi uit. Tlie disease may 
attack the fruit stems, and cause the berries to wilt on account 
of the supply of nourishment being cut off. But more corn- 
nioiilv the ben-ies are directly attacked. Such fruit shows a 
reddish-brown iliscnloration at the affected point, and this color 
soon extends oya‘r the entire berry. The surface then becomes 
doited with black idin[»le.s as in the case of black rot, but here 
thev are not so numerous, and tliey are also larger but le.ss ele- 
vated. The berry also shrivels, but tlie black color is wanting, 
since those aifected with i'i])e rot remain dark imrplisli brown, 
altliough some a.ssuuie a red tint. As a rule, they fall to the 
ground when lids stage is readied, while berries destroyed by 
black rot remain upon the vine even until the following spring. 

Hipe rot will s])rea(l after tite gra])es liavebeen harvested, and 
care should there fine bi* (‘xercised in S(dectiiig only sound fruit 
when it is to bt‘ stored, See under Afulk, ])age lMO. 

Tnotment. The same treatment wliieh serves to cheek black 
rot will also control this disease, the later treatments being of 
special im]iurtance. 

I.NSKCT ExKMIES. 

Grape-slug; Grape-sawfly (Selamirin Vitls, \\i\rris-).~~ Descrip- 
tion. The adult, a small foiir-winged iiy, lays its eggs in 
little clusters on the under side of the young leaves. These 
egg.s produce small yellow ish-green larv;v, wliich feed in groiq^s, 
beginning at the margin of the leaf and eating inwards until 
the leaf is destroyed. Others are' tlion attacked, and it fre- 
quently occurs that very siM’ious injury to the vineyard is done 
by this insect, 'fliere are two broods, the first appearing in 
spring, and the second in duly or August. Tiie winter is passed 
in the pupal state. 
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Treatment, Tlie larvi^ are easily destroyed by spraying af- 
fected vines with an insecticide, such as an avsenite, hellebore 
or kerosene emulsion. 

Grape-vine Flea-beetle; Steely-bug ((iraptodera chofifhea, 
Illig.). — De,'irnptioii. This insect passes the winter in the 
adult form. As soon as the buds of the grape connnence to 
swell in the spring tlie hcetles t>egiii feeding, tiie centers of tike 
buds api>eariiig to c<mtain the most coveted portions, Wlien a 
bud has been eaten in tliis manner it is uf course useless, and in 
eases of severe attacks, which sometimes occur, the entire crop 
of the year may l>e ruined in a short tiiue, 'Die beetles feed 
for about a mouth, wlieu eggs are hbnl in clusters on the under 
side of the leaves. Small, dark-brown larvje soon appear, and 
tliese immediately feed upon the foliage. In about four weeks 
they leave the vines and pupate, the adult beetle appearing in 
about three weeks. It then continues feeding until fall. 

Trei{(inf'n(. This insect is very easily controlled, 'riie vinos 
.should be sprayed witli Paris green wlieu the beetles first attack 
the buds, and again wlien the young lai“\;e appear. One or 
two applications nnule during cadi of these two ]H*riuds will 
practically clear a vineyard of liu* pest. 

Leaf-hopper; Thrip (/wv'/ovo/dovj Harris). — 

I'liis iiisewt passes the winter in tlie adult form. It is 
ahoiit an eightli of an iucli long, uf a whiti* color, but marked 
l»y three dark red hands. Kggs are laid in the. leaves, the larva' 
ajijicaring in .Inne. Tliese miniature forms are wilinmt wings, 
but otherwi.se closely I'eseiublk* the adult. except in being smaller. 
They moult several times, their wliite cast-olf skins adhering to 
the under .surfaces of the Ii'aves for some time. They feetl 
u{)on the juices of tlie plant. (Irajies having thin foliage siitfcr 
more from tlle.^e insects than do tlie h(*avier-leaveil varieties, 
d'he affectetl leavi's appear indistinctlv spotted witli whit*^ on 
the up^ter surface, and frequently inncli injury is done to (lie 
vine. 

Treatment. The treatment of this jiest is unsatisfactory. H 
the fallen foliage is gatliered and <leslroyed so the insects can- 
not find proji^ir shelter during the winter, their mimlier will he 
materially reduced. Tlie reinediF'H .suggested fur the currant 
leaf-hopper may be of avail in the vineyard. 
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GREENHOUSE PESTS. 

FiiNPri Infesting Plants. 

There is such au enormous variety of plants grown under 
glass that eacli cannot here he treated individually. Nor is this 
necessary, for a few general directions may be made to cover 
almost all cases. Fungi as a rule prefer a warm, moist atmos- 
pliere for their growtli, and this is generally found in a green- 
iiouse, as it is essential to the proper development of many 
plants. Hut the general opinion of gardeners is that even when 
such conditions exist, mildews need not necessarily appear. It 
is .said that extremes of temperature, of humidity, and draughts 
of air are conducive to disease, and common practice tends 
strongly to .support the notion. Such conditions should there- 
fore be avoided as far as possible. 

Some of tlu' surface fungi found on plants grown under glass, 
especially in liouses improperly ventilated, are destroyed by 
spraying the foliage with chnir water or with some prepared 
iiise(*ticide or fungicide, soapy mixtnves l>eing most commonly 
eni]iloved. Fungi vvliich cannot he disposed of in this manner 
are reduced by removing <li sensed parts of the host-plant and 
destroying them. Tliis tends to prevent new infections, audit 
is a process which \v(dl repays the outlay of time and labor. 

Sulphur is ])rol)ably the nujst valuable preventive of the fun- 
gous diseases which attack greenhouse plants. It may he used 
in various ways. An early nu'tliod of making aj^plications, and 
one still employed, is to dust the plants with the dry powder. 
'Fills is effective in destroying several surface mildews. A prep- 
aration of snl|>lntr fru-mmlv very generally employed is in 
liquid form. It is tlie ICnu firlson of the French, and is very 
valiiahle in the treatment of diseases which may he controlled 
hv the powder. Hut the most erticient method of using sulphur 
■w-tn place it in a warm situation .so that it will rapidly give off 
its fumes, and still not take tire. It may he mixed with eqiml 
parts of lime or some similar podder, and tlien by the aid of 
water, oil, or otlier liipiid, it is wet until a thin paste is formed. 
This is then smeared upon tlie lieatiiig surfaces of tlie lionse. 
ftr the .sulphur maybe (‘vaporated in a sand bath over an oil 
stove, but in such eases extreme care must be exercised that 
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the material does not take fire, for this means instant death to 
all plants reached by the {nines. 

If, in spite of the above precautions, f^ingi are still present 
to an injurious extent, the next plan to follow is to apply some 
of the standard liquid fan<];icidcs to the threatened plants, pre- 
ferring those remedies which are clear solutions, for these dis- 
figure even tlie most delicate colors to only a very small extent. 
If this does not prove effectual, the plants shouhl be thrown 
away, and the grower might do well to try some other business, 

Insects Infestinu Plants. 

The number of dilTcrent insects injurious to greenbouse plants 
is ratlier small although tile i min her o£ the individuals of each 
kind may be large enough. These creatures for the most part 
require different methods for their extermination, and each of 
the more important will be treated in detail. 

Aphis; Green-fly; Plant Lice, — Tliese sucking 

insects are well known to require description, for they attack 
nearly all gvceuliuusc plants. 'Fhey reproduce with extreme 
rapidity, and must therefore be c«>ntinua\\Y watched. Affected 
leaves generally curl the insects being found on the under side. 
W'hen the steins are attacked, frequently no external sign uf 
the insect’s )»resence is visible exce]>t the insect itself. 

TreiUinent. Insecticides whicli kill by contact must be em- 
ployed for destroying the a[)his. Kernsmie emulsion, pyre- 
thrum, tobacco water, etc., may be used with success. Hut the 
most common method of clearing a liousi^ of ihe.se creatures is 
to fumigate with tol»acco stem.'^. A common coal .scuttle will 
answer the jiurimse well; when tilled witli the steni.s it will 
supplv smoke siitlicient for a house eonlaining from three thou- 
saml to five thousand cubic fiM'l. ddu; amount to use will vary 
with the lightness of the house and the qiudity of the stems, 
d’he stems should lie sufficiently moist to prevent fliem from 
))Ia/.ing. They may Iw ignited very easily w ith some ]iaper o’- 
shaving.s. If the house is a very tight one, it is well tj» admit 
air after the fumes have been in about an lumr, but in the ma- 
jority of estiiblislimeuts tliis ]knnt takes <’are of itself. If only 
mw plants are to he treated, tliev may !»* jbu-ed singly under a 
pap r Hour-sack or in a box, and then smoketl, care being taken 
not to use too nmeh tobacco. Some commercial preparatioiKs uf 
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tobacco are excellent, for they are as efficient as the stems, and 
are almost free from smoke and leave no offensive odor. If 
powders are preferred for destroying aphis, pyrethnim will be 
found efficient, es^^ecially if tlie plants have been wet previous 
to the application ; tobacco dust will also answer the same 
purpose. 

Foliage-eating Insects, of which there are many kinds, should 
be treabMl by making applications of such insecticides as Paris 
green, hellel)ore, etc., but tiie foliage of many plants is easily 
injured l>y the arsenites, so tliese should be used cautiously, 
kicking tlic insects off by hand is another means of clearing 
the plants. 

Mealy-bug (Dncti/lopius adonidumj Description. 

^Mealy-bugs are familiar to all who have grown plants under 
glass, riiey are sucking insects, and are covered with a TiVhitish 
po\v<ler from wliich they luive rec(dved their common name, 
'i'liere is also a considerable quantity of a cotton-like material 
present where tliese insects have l)eeii allowed to multiply, and 
thus they may l^e easily recognized. All tlie green parts of 
affect ( m 1 plants are susceptil)le to their attacks. 

Treahuf ui. .\ It hough the mealy-bug Is one of the oldest and 
l>est kin)\\'n of gremihonse pests, still no very satisfactory remedy 
for it lias yet been discovered. The most practical plan, is to 
throw forcible streams of water against them, so that they may be 
dislodged. If this practice is jiersistcd in, it w ill prove very effect- 
ive. lint all plants will not bear sncli treatment, and it is not 
ahvays j'vossible throw the water, so that the remedy has a 
.somewhat liinittul ap[ilicatinn. Where it cannot be employed, 
the alcoholic decoction of pyretlirum will be found of great 
service. It should be applied by means of a small atomizer, 
and the insect .slioulil be treated until it is seen that the liquid 
lias pen(‘trated tliewoolly covoiiug and has reached the body. 
The latter then I urns vcllowish-browii. (’omparatively few 
plants arc injiireil by tins remedy, an<l its adoption is recom- 
memled. Kerosene (‘iiuilsion, and cominereial insecticides, as 
tir-tree oil. are also of value, rtauts should be treated early, so 
tluit the insect may not obtain a foothold. 

Mite; Verbena Mite {I'rlntoitcJiuA hiniHcnlotus^ Harvey). — 
Ifescripfltni, Tills mite is as vet not very well known in green- 
i-ouscs. It is very similar to the red spidea’ in size, shape, and 
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habits, but it is not red, and it has two dark spots at the rear 
of the back. 

Treatment. The mite is perhaps the most difficult to over- 
come of all insects found in the greenhouse. Unlike the red 
spider, it is but little affected by a moist atmosphere, or by 
moisture upon the infested parts. If water is forcibly sprayed 
upon tlie insects so that tliey will be dislodged, some good will 
result. But all plants cannot withstand this treatment. The 
best method of destroying tlie mite is probably to use kero.sene 
emulsion containing from t\Yenty to twenty-five parts of water 
to one of oil, or to ap[>ly Antipest, Fir-tree oil, or some other 
good commercial insecticide of tliis nature. Tlie insects are 
most abundant on the under surface of tlie leaves, and all 
applications should be carefully and forcibly <liieoted to these 
parts. The plants .should he sprayed once or twice a week, and 
the foliage of some should he washed or syringed an hour or 
two after the treatment, to prevent injury from the insecticide. 

Red Spider ( 7V0vni//^V<'C'.- /cAo'/a.'J, Linn.). — De-^rrlj/lfon. The 
red spider i.s a true mite, and not a spider. It has received the 
name from the fact that it spins a weh, and covers the leaves 
and even whole plants witli an envehipe of irregularly but 
thickly scattered silken threads. It sucks the juices of tlie 
ho.st-plant.-!. [(referring tlie more tender gre^m parts for the 
scene of operations, altliongli older foliage does not escape its 
ravage.i. The na! spider causes the color of the leaf to change 
from green to a grayish-white. w]ii(‘h shows very plainly n]>oii 
mo.st plants. Tliis whitening of the nj>per .surface of the 
foliage is a eortain indication of the jircsemM* of a .sucking in- 
.sect, and gfuierally this insect proves to he either the re<l spider, 
the rnite. or thrips. rjie last, liowo^a*!*, docs not form a weh. 
Such discoloration .''hould he immediately inve.slig'ated, and if 
either of tlie fii>t are pre.sent. the careful gardener will remove 
the parts and take juocautiuns to destroy any insects which 
I nay esca [>e 1 1 1 i .s jir f icrcss . 

Treatment. The red s[)ider fionrishes in a dry atmosphere 
and in In ight, sunny places ; shade and motsliin* are nnfavor- 
ublc to its development. Here, then, lies the secret of its cheap 
and .succe.s.sfiil desf ruction. Uopioiis spraying of the affected 
parts witlj clear water, and flic maintenance of a moist atmos- 
phere, will soon ri<l a house of this insect ; in ca.se .sucli a course 
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is injurious to the plants grown, an occasional wetting and the 
removal of infested leaves will be sufhcieut to subdue them. 

Insecticides which kill by contact may also be used success- 
fully, but they are not generally necessary. The fumes of 
sulphur, produced as described on page 175, are also said to 
liave a beneficial action in the destruction of the red spider, 
as well as of the mite. 

Snail; Slug. — Df.acriptior), The foliage of jdaiits grown in 
moist situations under glass is fref;[uetitly riddled or entirely 
devoured by snails. Tn dryer places so much liariii is not done. 
Tliese aiiiiiials feed mostly in the night, concealing themselves 
uiuler hoards or other objects, or in crevices which are dark. 
Tliey feed upon tender vegetation of nearly all kinds, and may 
cause irreparable damage to young seedlings or cuttings in a 
single night. 

Treoimenf. I^arge luinihers of snails may be caught bv ex- 
aiiuiiing the liouses ^Yith a light after dark. Tliev may also be 
trapped by placing pieces of turnip, cabliage, or other vegetable 
matter about the houses in sucli a manner that hiding-places 
may be formed. The creatures congregate under tlie bait, and 
often large numbers are caught in this manner. Salt, and also 
lime, are .said to be distasteful to tliem. 

lIOl.LYIIOCK. 

Fuxr.or.s Diseases. 

Rust (Purrinia Mulv(u'C(trum. .Mont.). — Dpscrlptinn. During 
IMay and June the .stems and leaves of the Imllyhock may 
become discolorcnl by small spots which at first are yellow, but 
later they become brown. These diseased parts are due to tlie 
pre.sence of the, rust fungus, a parasite wiiicli may develop so 
vigorously and abundantly that the leaves of the host-plant 
b(K‘onie dry ainl tlead, as if scorched. The plants may be 
^wtirely prevented from bh>ssoniing, and unless nioasures are 
taken to check the <llsease, liollyhocks may he forced from cul- 
livaliiui, as has occurred in some parts of Knro]Mn 

llollylkock rust may he praetically prevented by 
spraying the foliage ^Yitll some good fungicide as soon as the 
leav(*s apiH'av in the spring, ’I’lie appliciilions should be re- 
peated fre([uenUy cnougli to keep the young growths covered. 
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Insect Enemies. 

Hollyhock-bug delkahis, Uhl.). — Description. These 
bugs, wliich are bright green in color, sotnetiujes attack holly- 
hocks early in the season so vigorously that tlie plants wilt, and 
occasionally die. Tlie insects suck tlie juices of the plants, and 
are undoubtedly their ^yol■st insect enemy. 

Treatment, Kerosene eniulsiou has been sucoes.sfully used 
against the pest, and if the applications are commenced as 
soon as the bugs are seen, no serious ilamage should result. 


MAPLE. 

FrNGors Dfseases. 

Leaf Spot {Phullostlctn Acericata, C. & E.). — Description. The 
fungus attack.stlie foliage of botli large and small trees, destroy- 
ing the green coloring matter. It appears in spring, causing 
the formation of dark hrown areas w hich enlarge very rapidly. 
Later the j^arts first affected ass in m- a lighter, or even a gray 
color, although there is much variation in the appearance of 
the disease upon different species of maples. The patche.s 
may finally extend over the entire leaf. 

Treatment. Large trf*es avi^ treated with dilRcultv, but mirs- 
ery stock may be easily readied. Plants should 1)0, .sprayed 
thoroughly with tlie Bordeaux mixture as soon as the leaves 
appear in spring, and nesv treatments sliould he made so that 
the young growtlis shall at all times be ]»rotected. Destroy- 
ing affected leaves may assist in chiH-kiiig tlie disease upon the 
shade tree.s, but .spraying them hy means of [troper machinery 
will prove most satisfactory. 

Insect Enemies. 

Gree n-s triped Maple-worm (.In isoia rnhicnn<Ui, F a h r . ) . — 
Description. 'Fhe adnlt insect is a moth of a yellowish-wliite 
color, the shade varying in dilferent parts of the conn try. The 
spread of the wings is al)ont two atid one-f mirth inches. The 
insect passes the winter in the pupal state, and in spring, when 
the adult niotlis ft]i{M‘ar, largi* numbers of eggs are laid, gener- 
ally in clusters on the under side of the leaves, d’lic larvie are 
striped longitudinally with alternating bands of light and dark 
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green, while at the posterior extremity there project two black 
horns, each about a quarter of an inch in length. The larva 
feed upon the foliage of the trees, being particularly injurious 
in the western states, where shade trees are in certain years 
entirely defoliated. There are two or three broods, depending 
upon the latitude. 

Treatment. The best and most effective remedy is to spray 
the trees with Paris green or some similar poison, whenever such 
a course is practicable. In other cases, the larvre may be caught 
in trenches about a foot deep that are dug in C(3n centric circles 
about the bases of the trees. The larvaj wander from the tree 
to pupate, and they will collect in the trenches, where they may 
be easily destroyed. 

Tussock Moths {Orgyiay sp.). — Description. There are several 
species of tussock moths wdnch resemble each other very 
closely. The caterpillars wdien grown are about an inch in 
length ; the body is yellow in color, and generally is marked 
by a narrow, dark band extending along the back. The sides 
of the body may be similarly marked. Upon the back, just 
forward of the center, may be found four thick tufts of yellow^- 
ish hair, while from the second segment of the body there 
extend two long black plumes. A single plume extends back- 
ward from the rear of the body. The larvm hatch during May 
from eggs which were laid upon tlie silken cocoons by the 
female during the preceding fall. In about five weeks the 
larvm begin to pupate, tlie adults api)earing a week later. 
Only the males possess wings; the.se expand nearly an inch 
and a half. Tlie ground color is ashy gray, but several dark 
lines cross tlie fore wings. As a rule there are 1\yo broods. 

Treatment. T)ie.se insects cause much injury to shade trees, 
and if unchecked they gradually increase in numbers so that 
the trees are each year defoliated. The most practical remedy 
appears to be to collect the cocoons while the trees are dormant. 
Vs tlie eggs are laid upon the surface of the cocoons tliey may 
be easily discovered. 'I’lie cocoons may be found upon the 
branches and tvuuk.s of infested trees, and also upon fences 
and in slieltered sjiots in the neiglihorhood. The larvae are 
also easily killed by the arsenites, although the application of 
the latter is not always practicable. 
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MIGNONETTE. 

Fungous Diseases. 

Leaf Blight; Mignonette Disease {Cerco$pora 
Feckl.). — Dm'viption. “Tin* disease first appears either as 
minute pale spots \Yitli brownish or yellowish borders, — 
little sunken areas in tlie sueculent tissue of the leaf, — or 
as reddish discolorations which spread over the leaf and 
finally develop into these ]'ale spots or patches. The spots 
when young are simply dead i>ortions, uniformly brown 
throughout; but as they bi*coine older and larger, little black 
specks appear in their centers, giving a somewhat grannlau 
east. Tlie disease spreads very rapidly over tin* leaves, the 
dead areas grow larger and nioie irregular in shape, the 
leaves commence to curl, wither, and hang limply against 
the sterns." 1 

Trediment. Early and repeated sprayings of the young 
plants with the Hoialeaux mixture or amrnoniacal carbonate of 
copper will almost entirely prevent the disease. 

MOSSES AND LICKENS. 

It is very rare that tliese growths in jure the cultivated plants 
upon wdiich they are found, Ihit th(*y riften lend an unkempt 
air to a plantation, and for this i-easrni, if for no other, their 
removal appiuirs desiialde, Ihndeanx mixture has froijuently 
cleaned fruit trees of these plants, and its gonieral use for this 
purpose may lie recoiniiieiided. .Mkaline washes liav;* a similar 
action. Spanish moss, which in the Southei’n States appears to 
have an injiu ioiis action upon cciMain t rees, may be destroyed 
by spraying the tree witlt a wash coinposerl of eiglit c.nns of con- 
centrated lye di>.s(dved in fifty gallons of water. It is possi- 
ble that strong fungicides would exert a similar influence. 


MrSKMKLON. 

FUNGoUri UtSKASES. 

Powdery Mildew; Cucumber Mildew {Pht.onopnra Cuhf>um, R. 
& C.). — iJe^cylpiKni, d'his (lisease lias Ixam reported as liaving 

‘ Fairchllrl, .'l/ui, Rtpt. l\ .SL tbw. ^>7 Iss't, 4211. 
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been foiiiiJ upon squasluis, melons, ciicuniljers, and pumpkins, in 
some cases inflicting serious damage. It bears a certain resem- 
blance to llic downy inibbnv of grapes in its external charac- 
ters. Alfeeted parts of the leaves turn yellow, tlicii brown, 
while underneath tliese parts may b(3 fruind the frost-like 
patches so characteristic of the downy mildews. But with the 
cucumber mildew tin*- growth changes to a color closely 
a])j>roacliing violet. d’he dead leaf tissue soon become.s 
broken, and the leaf is often eiiLirely destroyed. 

Treatment. TIhj application of a good fungicide, as already 
descrilied under (lowiiy mildew of the grape, should protect the 
vines from the fungus. 

l^si'X r Knkmiks. 

See under CccuMUKin 

OATS. 

F r N < n > t ■ s Disk a s k s . 

Loose Smut ( IJMUnijo Areufe. Jensen). — De?>cr\pt\on. This 
fungus causes the grains, and generally the husks as well, 
to he transformed into a hlack mass in wliicli all the normal 
tissue of the oat plant has disappeared. This powdery mass 
consists of spores. These appear when tlie crop is heading, 
and they nnitnre at hlossoming time. hen tlie crop is 
harv(*s(ed the sports have nearly all lieen hlown away, leaving 
a naked stalk. 

Tnatiinut} ‘‘It has le-en found that the infection of the 
plant takes place when tin* seed is germinating and from spores 
a<lliering to tlie seed wIk'u planted. If these adhering spores 
can lie killed, a crop wholly free from smut can he obtained.^ 

“ TheJenaen nr hni-irtitt r tri utmrni fi>r ont ani} wheat amut. — This 
metluul, iliseovered l>y J. h. Jensen, of Denmark, in 1887, con- 
sists in iiiMiiersiiig tin* seed which is snp]''Osed to be infected 
with smut for a fe.w minutes in scalding water. The tempera- 
ture must be such as to kill the smut spores, and the immersion 

> Till* rciiiriHi-; lien- iin'ittionc-a linvo tnkon from {■'(trmers'' Bull Xo. 5, 0 / 
Me r. .S. ihjit, I'/ Aorir. Dir. of fV</. Dafh, 

* “Thcit‘is MniH'tfiM'il tliiU fresh iiKimiro of borhlvormis animals 

coiitaiiiiiit: stniit s|)ures iiiity, if at the time ot phiiitiup. iiitect the young 

plimts, [I i> hatillv Ile('e^sll^y to meiiti.ui this tiiaiinei' of infection, since almost no 
Atnerieuii fiirmers nuuiurc grain tields in this iiuuiier. There is no danger in using 
well-rotUid matmrB.” 
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must not be prolonged so tliat tlie heat ivould injure the germi- 
iiative power of the seed. If the watei' is at a temperature 
of F., tlie spores will he killed, and yet the immersion, 
if not continued beyond tifteen minutes, will* not in tlie least 
injure the seed. J'he temperature must be allowed to vary but 
little from in no case rising higher than 135^^, or falling 
below 13(P. To insure these conditions when treating large 
quantities of seed, the following suggestions are offered: 

‘•Ih’ovide two large vessels — as two kettles over a fire, or 
boilers on a cook-stove, tlie first containing warm water (say 
110" to 130^^), the second containing scalding water (13 lM’^). 

‘•Tlie first is for tlie purpose of warming tlie seed preparatory 
to dipping it into the second. Unless tliis precaution is taken 
it will be difficult to keep the water in the second vessel at a 
proper tenq»eiatuie. 

•• Tlie seed wliich is to he treated must he placed, a half-bushel 
or more at a time, in a closed vessel that will allow free entrance 
and exit of water on all sides. For tliis pnr]x>se a bushel basket 
made of lieavv wire could be ns«Ml. within which spread wire net- 
ting, say twelve meshes to tlie inch, or an iron frame could he 
made at a trifling cost, over which the wire netting could lie 
stretched. This N\ould allow tlie water t<^» pass freely and yet 
prevent the passage of the seed. \ sack nnnle of loosely woven 
material (a.s gunny .sack) could ])(ndiups lie used instead of the 
wire basket. A jiei'forated tin vessel is in some respects prefer- 
able to any of tlie above. 

“Now dip tlie basket of .seed in the first vcs.sel; after a 
inonient lift it; and, when the water ha.s for the most part 
e.scat>e<l. plunge it into the water again, rejH*ating the oi>eration 
.several times. The object of tlie lifting and plunging, to which 
should he added also a rotary motion, is to bring every grain 
in contact with the liot water. Less tlian a minute is reipiired 
for this preparatory treatment, after which jilunge the basket 
of seejd into the second vessel. If the tliermomchn- iinlieates 
that tlie temperature of the water is falling. ]>onr in hot water 
until it is elevated to 13‘J^ If it shmihl rise higher than 132°, 
add small qnantitie.s of cold water. This will doubtless be the 
iiKffit simple method of keeping the projxn- temjKMiiture and 
requires only the addition of two small ves-sels, one for cold 
and one for boiling water. 



« steam, conducted into the second vessel by a pipe provided 
with a .stopcock, answers even better, both for heating the 
water and elevating the temperatiii-e from time to time. 

“The basket of seed should, very shortly after its iminer- 
sion, be lifted and then plunged and agitated in tlie mannei 
described above ; and the operation should be repeated eight 
or ten times during the immersion, wliich should be continued 
fifteen minutes. In this way every portion of tlie seed w ill 
l)e subji.'cted to the action of the scalding water. Immediately 
after its retnoval dasli cold water over it or plunge it into a 
vessel of cold water and then spread out to dry. Another por- 
tion can be treated similarly, and so on until all the seed has 
been disinfected, llefore tlioroughly dry the seed can be 
sown; but it may be tlioroughly dried and stored if desired. 

“The important precautions to be taken are as follows: 
(1) MithiUiin thi‘ projiC-r leinpenifure of the water (l‘fl^.>° F.), in 
no case allowing it to rise higher than 135^ or to fall below 
VMP. This will not be difficult to do if a niidhie th^n'inohukr 
is used and Ik it or cold water be dipped into the ves.sel as 
the falling or rising temperature demands. Immersion tifteou 
luiiuites will not tlum injure tlie seed. (‘2) See that the volume 
of .scalding water is much greater (at least six or eiglit times) 
than that of the seed trmited at any one time. (:l) Xever fill 
tin* basket or .sick containing the .seed entirely full but always 
leave room for tin' grain to move about freely. (1) Leave the 
seed ill the second vessel of water miiuiks. 

h<ti-U'<P<'r inufmeni for oots, — I'lic foregoing metliod is 
applicable to botli wlieat and oats. AVith oats the following 
slight inodifienlions are [uobably advantageous : (1) Have the 
wafor in tlie second vessel and immerse the seeil five 

niiimtes, cooling with cold w ater afterwards. A\ here large 
ainoimts of seed are to he treated this will prove the most 
speedy form of tlie treatment, hut great care must be taken to 
s(‘e lliat t*verv grain is thoroughly wetted. (-) Have the water 
ill Hk* .sot-nmi vessel at bl’JP F. ; immerse the seed leu inimites 
and do not cool wilh colil w ater, but spread out at once to dry. 
'i’liis last is no tlniibt the best form of the Jensen treatment for 
oals, since it re<pdres a .siiorter time than tlie regular method 
and the wanntli of the grain aids it materially in drying. 
Moreover, experiments liave showm that seed treated in tliis 
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^Yay yields tlie most and straw. Xoitlier of th(‘se modifi- 
cations can hi} recommended for wheat without more data than 
we now possess. 

'' Potas.'tiuin .'fttljJihle trecilmfiiit for oai.'f. — In this treatment the 
seed Is left twenty-four hours in a one-lialf per cent solution 
of potassium sulpliide. Tiie ]Mildislied e\[ieriments .seem to 
show tliat a weak solution of potassium sulphide is nearly as 
good as the liot water. 'Die j'lotassium snljilude is eluuipest iu 
the • fusetl ' conditiou, iu whieh form it costs about twenty-five 
cents a pound. One pound of the sul[iliiih‘ slu>n]d be dissolved 
iu twenty-four gallons of water. Place tlie. seed iu a jnwU-n 
vesael and }X)nr on tlie solution till tlie sei>d is covered several 
inches dceii. Stir the solution before pouring it on tlie grain 
ami tlioroughly mix the seed several times boiore taking it out 
of the solution. The oats should stand in tin* solution Iwenty- 
four lionrs. after wliicli they may be spivail out to dry, 'Fhe 
.solution gradually loses its strength aii<l lienee cannot lie used 
more than three or four tiiiU's witlunit being reinwv(‘d. 

•'It \vill probably be best to sow (lie seed as soon as possible 
ami before it becomes thoroughly dry. 

‘•Slaking the si^ed twelve hours in a solution of twice the 
strength will no doubt prove etVectiial. 

'‘f.'opp‘r sofhatfi Irfoifment for ir/ixif. — 'Idiis consists in im- 
Uiersiiig the >eed in a solution made hy dissolving one pomid 
of commercial eo]i[)er sulphate in tuenly-fonr gallons of water 
for twelve lionrs and then putting the seed for live or ten 
miiiUte-s into lime water made* by slaking one pound of good 
lime in ten gallons of \iater. 

“‘These treatments liave all lieen tried and have ju’oved effec- 
tive. Prohably the liot water is tlie b(<sl for general use. Iu 
some jiarts of the country, si*ed wheat is treated in strong .solu- 
tions of cijp|ier sulphate and no lime is iiscil. 'I'liis jiracticc is 
niucli inferior, since it injures the H‘ed, while those given here 
prevent tlie simit conijdetely and at the saim^ time do not injure 
the seed if carefnllv followed. In all forms of wed treatment 
care should be taken to sjiread the grain out to dry at once. and 
by frerpient stirring prevent its s])oilitig. 'i'he treated seed 
should be lijuidleil only witli clean tools ami slionld be put iu 
sack.s <Iisinfei:ted by boiling tifb'cii Miinntes, If these preciiu- 
tion.s are not taken tlie seed may In; infected again after treat 
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nieut, especially in case of stinking smut of wheat. If the seed 
is to be sown broadcast it will not have to lie so diy as if it is 
to bo drilliMl. 'I'he seed may be treated with hot w ater a con- 
siderable time before jdanting if dried carefully, but it is prob- 
aidy better to treat just before planting/* 

Rusts. — The various rusts which attack oats, wheat, and 
barkw liave not been successfully treated by the use of fun- 
gicides. 

OXIOX. 

Fu N’GOiJS I)isp:ases. 

Mildew ; Rust (Peronospora Schleideniana, Unger). — Descrip- 
tion, JSeed onions, esiiecially when grown on low ground, ap- 
pear to be particularly atfected by this disease. The first 
a|ipearance of the trouble is the formation upon tlie onion tops 
of a grayish velvety coating. The leaf wilts, and turns yellow. 
Tills occurs about tlie time that the onions begin to bottom. 
The fungus passes the winter by means of spores w'hich are 
developed witliiii the ti.s.sue of the host-plant. 

Treatment. Ih'oper a[)plications of the Bordeaux mixture, or 
of soiiu* otlier fungicide, if made early in the season and re- 
peafed at intervals of two weeks, should keeii the disease in 
clieek. .\11 affected onions should be destroyed. 

S mut ( U roetfstis (.'efiohr, F r os t) . — Description . Th e d i sea.se 
is more .severe iijion dry land, as the onions api>ear to be less 
able to outgrow it. 'I’he first leaves of the seedlings are 
attacked, dark spots scattered along their surfaces showing the 
presence of the fungus. Such plants generally die before the 
tliird leaf is formed. AMieii the disease a]i]iears u}>on older 
lilaiits the bulhs show dark ridges extending up and down 
their .sides, even to tlie leaves. 'I’liese ridges are mainly com- 
posed of a sooty ]H)wder consisting of the spores of the fungus. 
It lias been estimated that a single large onion may mature 
it cubic incli of smut in a single season, d he soil soon becomes 
Idled with the germs of the disease, and it is almost imj)ossible 
to grow a sound crop. 

Treatment. Affected soil should not lie planted to seed 
onions. It appears probable that by tninsplanting onion.s the 
disease may Ite lai’gely avoided, since it enters the young onions 
before they appear above ground. One ounce of a mixture of 
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equal parts of sulphur and lime to every fifty feet of drill has 
been recoumieiided as a preventive. 

Insect Enemies. 

Maggot {Phorhia Ctf/wrum, — Bescrlpiion. This in- 

sect closely resembles the Cabbage lloot-maggot in appear- 
ance, and the methods of treatment are practically the same for 
the two insects. See under Caubage. 



Fig. 62, — Oraii^'c scab. 


ORAXOE. 

Fungous Diseases. 

Scab {^ClntloRporium sp.). — De^irripunn. Orange leaves 
affected with tlie scab first sliow warty-like elevations, mostly 
on the under surface of the hnives (Fig.fJ2). Tliese (jxcrescences 
also appear upon the young shoots. They are at first light-col- 
ored, but later the top.s turn nearly black, (/rowing leave.s and 
shoots are distorted by the parasite, ami they finally become 
yellow and worthless. 
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Leaf Spot {Colletotrirhim. adu&tunij Ellis). — Description, 
Leaf spot attacks both wild and sweet oranges. It first pro- 
duces on the leaves light green spots which are about an eighth 
of an inch in diameter. These enlarge till they are fully an 
inch across, the older portions becoming brown and studded 
with small black dots. This disease is not as yet very serious. 

Treatment, The tw^o diseases here mentioned have appar- 
ently not been tlioroughly treated, so that all recommendations 
must be founded upon tlie experiences gained in treating other 
plants. The copper compounds will i)robabiy prove most effi- 
cieiit in controlling the diseases, the applications being com- 
menced a week or two before the troubles first appear. 

Insect Enemies. 

Leaf Notcher (Artipus Floridanus, Horn). — Description. The 
adult is a small insect about a quarter of an inch long; it is of a 
metallic greenish-blue color. It feeds upon the foliage of the 
trees, begiiining at the edges of the leaves. 

Tf'ealment. Jarring the trees has been recommended, and 
it .seems probable that applications of the arsenites would prove 
effectual in destroying the pests. 

Mealy -wing (T ley codes Citri). — Description . These minute 
white flies frequently appear in such numbers upon orange' 
foliage that the tree may be considerably weakened by them. 
Related forms are coimnoii in iiortlierii greenhouses, and 
plants are often seriously injured by their work. In the South 
tlie insects generally pass the winter in the larval stage. In 
early spring they pupate, and tlie adults nppear during i\Iarch 
and April. Eggs are laid in abundance on tlie niider side of 
the leaves. Tliey soon hatch, and the laiTU', on account of their 
transparency, may be present in swarms, and still pass unnoticed. 
Tliey suck the juices from the leaves, and secrete a honey-dew 
upon which a dark fungus soon grows. 'Phere are tliree gener- 
ations each year in the South. 

Treatment. The insects do not yield readily to treatments of 
kerosene emulsion, but the re.sin wash smothers the immature 
furnij?. Under glass, otlier species are easily destroyed by 
tobacco smoke. 

Mite ; Leaf-mite ; Spider ; California Spider ; Red-spotted 

Mite; Red Spider {Tetra?iyehus ^-maculatus^ lliley). — Descrip- 

T 
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tio)\. The insect is pale green in color, ainl is marked above by 
six small dark spots. It feeds upon the juices of tlie plant, 
and increases witli sueU rapidity that, unless checked, the foli- 
age soon becomes ruined. Ten days is the estimated time for 
maturing the insect from the egg\Yhen conditions are favorable, 
d'he name ‘‘spider” has been applied to the mite mi nccoimt of 
its habit of spinning a line thread which often entirely covers 
the infested parts. 

Treatment. Tlie pest is lield in clieck by abundant rains, 
showing that it does not relish water any more tlian its relative, 
the red spider of greenhouses. It is also easily destroyed by 
kerosene emulsion, whale-oil soap, and if the trees are thoroughly 
and forcibly sprayed with clear water, it will have a decided 
effect in clearing the foliage of tlie insect. 

Rust-mite. — The rusty appearance of oranges is caused by the 
work of a minute yellow' animal, a true mite. It lives ujiou the 
e.ssential oil wliich is found in all parts of tlif‘ orange, tree, suck- 
ing it out liy means of a beak. Un the fruit this causes the 
familiar browning of the orange. 

Treatment, As the eggs, molting young, and adults are found 
upon the trees at all seasons of the year, no definite direction 
can be given w hich will apply to every distri(‘f. All a]>pliea- 
tions should be re|>eated at intm vals of a week or ten <lays, so 
that the yoniig may be destroyed before they imiLtue. Spraviug 
the trees with sulphur suspeiulefl in water is one of the best 
remedies, as the fumes are ileadly to the insects. Whale-oil 
soap solution, made by dissolving one pound of the soap in ten 
gallons of wat(.‘r, is also ctfectual.^ 

Glover’s Scale; Long Scale; Oystershell Scale (Mf/tHasiiis 
Glwerii, I’ackard). — 'I'lie eggs of this insect liatcli 

early in spring, the young lari'm bidng yellow ish purple in color. 
Tliese almost immediately be.gin to secreti* a cotton-like covering 
which extends (wau' the entire body in about a weok. d’be first 
molt takes place about tliree wi'oks after (la; eggs linicli, and 
the covering of the insects from that time on is ])eiietrate<l with 
diinculty by insecticides, d’heie aie three j'leritxls when the 
newly hatched scales are most abumbnit: in March, in iluneand 
July, and in S<iptember or October, and each geiievatioii soon 

* For flftUiik’d experiment's, ina<le by U. H. Hubbanl, see Ana. Rrp. U.S. CV/». 
-V Ai/ric. l’i‘54, 3fil. 
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covers itself with the long, yellowish or dark brown scale w'hich 
]iiay be found upon the leaves and bran dies of the orange. 

Treahiif^nt. The trees should he sprayed with resin washes, 
kerosene enmlsiun, or whale-oil soap whenever the young insects 
are seen. It is especially important that this should occur dur- 
ing the three periods above uientioiiecl, for then the greatest 
nunihers can be destroyed. The old scales cannot he penetrated 
by any insecticide which does not injure the foliage. 

San Jose" Scale yjc/ fihn’u.si/s, Comstock). — Descrip- 

tion. Tliis scale insect is imdouhtedly the most serious to fruit 
trees of any with which the horticulturist has to deal. It is 
probably a native of Chili, hnt was imported into California, 
and from there it has spread to tlie eastern states. It is now 
very irregularly scattered throughout the East and has already 
sliowii that it is ca[ial)l<> of d<^stroying not only the orange, but 
also most of our other fruit trees. 

During tin; winter the Sau dose scale is only about one-half 
grown, the scale being less tlian a sixteenth of an inch in diam- 
eter. It is nearly circular, quite flat, but the center has a slight 
elevation. I'liis is of a dark color, while the remainder of the 
scale is grav. Tliese immature forms begin sucking the juice 
t)[ the j'iaiit as soon as growth commences in the spring. They 
complete their growth in about four weeks, and then lay their 
eggs under the scale. Early in June, in the latitude of Xew 
York, the >u>ung insects begin to crawl out from under the old 
scab;. In two or three days tliey settle down, and begin the 
Secretion of a. scale which resoinhles that of the parent form. 
Before fixing tliemselves they are active, and so minute that 
tlieir small yellow bodies can .scarcely be seen without the aid 
of a glass. 

From the time of the appearance of the first generation in 
spring, the young insects can be seen almost coutiiiually through- 
out the summer months, and until the arrival of cold weaflier in 
tile fall. The iiiunlier of generations which appear in a season 
lias not yet been ascertained. 

Tfcnluient. d'lie most effect nal method of ridding plants of 
this jiest is by treating them, while dormant, with hydrocyauic- 
aiud gas. With grown trees, tlie operation of covering an 
entire plant with an air-tight tent is a diflicult process, al- 
though it lias beim done successfully in the orange groves of 
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California. Nursery stock may, however, be treated very 
easily in tliis manner, amt when the operation is finished there 
need be no doubt tliat all tlie insects are destroyed. In California 
the resin washes have been used with success, care being taken 
that all parts of the tree are reached by the material. In the 
eastern states these washes have not proved to be equally 
eft’eetive, a solution of two pounds of whale-oil soap to a gallon 
of water having given the best results. Kerosene emulsion 
may probably be successfully used if made accortling to the 
Hubbard-Uiley foiaiiula, and dilated five times. Caustic soda 
and caustic potash should also give good results if applied 
during the whiter inontlis. 

During the summer, if kerosene emulsion is persistently used, 
so tliat at least the majority of the young are killed, the insects 
may be gradually reduced in nundiers. altliongb the fight will 
prove a hard one. Continued watching and thorough spraying 
must in time exterminate the scale in an orchard. 


PANSY. 

Frxoot'S Diseasks, 

Mildew; Rust (P*^rono.<pom Vi/thr, DeBary). — Deitcription. 
Diseased leaves show tlie pn'sence this fungus by turning 
brown at the atYected ]ilaces. 'Fhe disease as yet does not 
apj^?ar to be well understood. 

Trentm^nt. Proper culture and the application of fungicides 
are to be recommended. 


PAPSLEY. 

Insect Enemies. 

Parsley-worm; Celery-caterpillar (Papilio Anterins^, Cramer). 
— De-^crption. The mature butterfly is Idaok, but it has rows 
of yellow' and blue spots upon the wings. Tliese expand nearly 
four inches, and tlie ailiilt is one of the most handsome of <nir 
.summer butte rtlies. 'I'he eggs are laiil upon (lie leaves of 
parsley, parsnip, t'olery, carrot, and many related plants, dhe 
young cater])il!ar, u]i|HUiring in June, is at first Idack, but as 
it increas^is in ,si/,i; the color becomes greenish. About the 
middle of July, when full grown, the larva is about an inch 
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atid a half long, the gronnd color being pale green, but the 
sides of the body are marked with a series of yellow and black 
markings. Wlieii distur])ed it projects two yellow horns from 
the back of the liead; these emit a disagreeable odor, and 
doubtless serve as organs of defense. It soon seeks a sheltered 
.spot, and there spins its cocoon. In about two weeks the adult 
insect again appears. Eggs are laid, and tlie iarvai become full 
grown and pupate late in 8r])tembcr or early in October. The 
winter is j>as.s<‘d in this condition, the mature insect appearing 
the following spring. 

Treatment. These insects are rarely present in sufficient 
numbers to cause much injury, Jf their destruction is at- 
tempted, tlie ais(Miites will be found very efficient, but they 
should be aj)plicd only to those i»laiits whose foliage is not 
used. Ilellelmre, or pyretlirum, is safer and almost as effective, 
and these materials slmuld lie ap[>lied to celery, parsley, and 
other pliints whose treated parts are used as food. 


PARSNIP. 

Insect Enemies. 

Parsley-worm. See tinder Paksley. 

Web-worm {Drpns.'inna herucliaua. De fieor.) — Description, 
Tlic moths pmbablv liiheniate during the winter, laying their 
eggs carlv in spring. 1 lie larvm apjiear in «Iune. 1 hey feed 
upon tlie gn‘en ]>arts oi th(‘ [iar.siii]>, and ]>rotect themsehes by 
means of a \Nel). he th)\M*r cluster is particularly affected. 
Tl'is insect Is comparatively rare. 

Trentna’ni. thie or two tipplications of an arseiiite should be 
sufficient to })rotect tlie plants, .since tlie insect appears to have 
but one brood each year. The treatments should be made as 
soon as tlie larvte are seen in the spring. L he insects pupate in 
the stems of tlie ]>arsnip, and the destruction of these stems 
late in July would materially reduce the number of the insects. 


PEA. 

FoNGors Diseases. 

Mildew (Krtfsiphe Mortiiy Ldv.). — Description. This disease 
generally apiniars late in summer, or during the autuiuu months. 
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It covers tlie foliage ^Yith a \Yliite, do\Yiiy layer, wliicli almost 
entirely obscures the green color of tlie leuYCs and stems. 
Later, small black dots api^ear, tliese being the fruiting bodies 
of the fungus. 

Treatment, I'he disease could undoubtedly bo easily checked 
by means of the oop|vr sprays ; but the foliage of tiiese plants 
is of siioli a character that liipiids do not readily adhere. Soap 
will assist in overcoming this didieulty if it is addetl to the 
liquids. .Vnother line of treatment whiidi might be followed 
by good results is to apply powders to the vines while they 
are wet with dew. Fostite sliould prove of value for this pur- 
pose. 

Rust. — This is the same disease which has been discussed 
under Beax. It is rarely serious. 

Insect Kxemies. 

Weevil; Pea-bug (Z?r«c/no' PLv. Linn.). — script inn. The 
adult is a dirty-black beetle having white markings on the wing 
covers, and a T-shaped mark of the same color at the extremity 
of the abdomen. The insect is scarcely tl tree-sixteenths of an 
inch long. Tlie winter is generally passed in tiie adult stage, 
the beetles mostly appearing in the s[)ring. Eggs are laid while 
the young pods are forming, ami the lurvie enter the growing 
ptuis. upon which they feeil, rarely injuring tlie germ, how- 
ever, although the seed is considerably weakened. The insects 
pupate witliin tlie iv‘as, and soon afterward the a<luU appears, 
altliough it does not leave the [>eas, as a rule, until the following 
spring. 

Treatment. Xo practicable method lues yet l>een found by 
means of which the beetle can be prevented from laying its 
eggs in the voung pods. The practice commonly followed i.s to 
treat the peas, after harve.sting, with the bisuljdiide of carbon. 
Two or tiiree treatments at intervals of three or four weeks 
will Ixj found .suHicient to exterminate the pest. Another 
method of destroying the insects is to subject tlie peas to a 
teinj>erature of 1 E. for about an hour. If this is done as 
sfKjn a.s the [leas are ripe, the larva*, which are then jnacticallv 
g^rown, will succumb, ami the germinating qualities of the .seed 
will not he injured. The bean-weevil may be .successfully 
treated in the same manner. 
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PEACH. 

Fi’Noous Diseases. 

Black Spot {Chuhaporlnm rarpopluhm,'V\\\w.'). — D^^rMption, 
This surface fuiu^iis is generally more severe upon late varie- 
ties, 11 ill’s Clilli heing esj^eciall}' susceptil)le to its attack. It 
forms small diisky-hrowii or l)lack spots upon tlio side of the 
fruit (Fig. tld), and altliongli the spots searcely exceed one- 



Fn;. r»:r -- m.vk sj)ut of iit‘ach. 


eigliih of an inch in diameter, wlien several run together, large 
area.s of the peach may he atlected (Hgs. O.l, do). In such 
cases, all growth of the diseased ]>ortion is stop] ted, and fre- 
'luently the flesh eracks down to the. pit. As a rule, tlie disease 
is not very trouhlesomc. 

IWipmffil. Spray the trees with the Bordeaux mixture, be- 
ginning the treatments early in July, d'he mixture should not 
be made stronger than one ituinid copper snlpluite to ten gallons 
of the liquid, ami an abundance of lime should he added, other- 
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wise the foliage may be seiiously iiijurecl. Two a])plicatioiis 
may be required after the first of August. For these, a clear 
fuugioide, sucli as the aininoniaeal carbonate of coi)per, .should 
be used, hut there is again danger of buniiiig tlu* folitige. For 
this reason, tlie solution .should not be made stronger than an 
ounce to twelve gallons of water. Some injury may restilt even 
from this dilute preparation, but it will be so slight that no 
sorion.s lo.s.s neetl be feared. Fowders have proved unsatisfac- 
tory ill the treatiupiit of peaches, as the leaves are so sniootli 
that but little of the material adheres to tliein.i 



Fr<}, W. — Fniil ?*?ver*-ly atlackc-d by 
blaek 



Fe(;. CxV- S;iino;is Kii;. 1)4, 


anotluT vii'W. 


Brown Rot; Fniit Rot; Twig Blight (Monilia fnirfif/ona, 
Pers.). — iM.-^cription. Brown rot i.s jnobably the most serious 
fungous disea.se with which peach growers are obliged to coii- 

^ Peach tree^ should at all times ho troafod oauUoiisly. .\t, a inoolinK of Iho 
A. A. A. S. hold at Sprinirfiold, Mass., Aii^. I'll.y “ p' 11. Ih.lfs road a piiis-r 
upon ‘S<ane unexpected results from sprayinj: poach nroliard.s.' Ho said : In.spniy- 
ing peach orcharda with the rosin wasli advisod Ijv tlio division of ciitomolocy. it 
was found that the insecticide was o.ycolloni wtion ii.sod vluritiLMlry woatlior. When 
the wash was used late in the year aii<l early in the spriiifr, it was liahio to de.stroy 
the fruit buds. In no case did theitisoefi<'ide atreot th<! leafbiid.s. 'I'iie o.xpenmenU 
show that the insecticide a<tvisod for winter use .sliould ntu. tx* used in winter in 
Florida, hut may be used in Sopbfmhor and October.” ~ HcptibUcaa^ 

Aog. 2H, 1S95, 4. iiee, also, Bull, will., QjrneU Krp. SUt, 
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teiid. The disease is more severe upon early varieties, and in 
the middle Atlantic states the fungus is extremely prevalent 
and serious. It causes the rotting of the fruit about the time 
the period of ripening begins. It increases rapidly in wamj, 
moist weather, and peaches which touch each other are among 
the first to suffer from the disease. This is mainly due to the 
fact that a certain amount of moisture is retained at the point 
of contact, ami witli sucli favorable condition.s the fungus 
easily succeeds in gaining an entrance. Cherries and plums 
also suffer from the disease, and in the same manner; the 
sweet, soft-fleshed varieties of cherries are especially susceptible. 
The affected fruit turns brown and appears as if decayed ; it 
then becomes covered with an ash-colored coating which consists 
of myriads of spores, eaxdi j)ne capable of spreading the disease. 
'Phe fungus also attacks the small twigs, causing their death 
(Fig. 6(1). It is no uncommon sight to see dried peaches, 
plums, or cherries attached to tlm branches upon which they 
grew, the latter having been destroyed by the disease as well 
as the fruit. It also appears certain that the blossoms may be 
affected and ruined, so that no fruit \Yill set. This disease, 
therefore, should be closely watched and thoroughly controlled. 

7Vf?o/»ierU. The treatment here described applies practically 
also to plums; hut olierrif's cannot Vie treated so often, as the 
fruit matures earlier. (1) d'he first application should he 
made, in badly infested districts, jiist lief ore the buds begin to 
swell; at this lime spray with a simple solution of copper 
sulphate, u.siug one ]»ound to t\veniy-fiYe gallons of water. 
(2) ^Vhile the buds are swelling, spray with the Bordeaux mix- 
ture. (-1) Repeat the second when the fruit has set. (4) When 
the fruit is grown, spray with the ainmoniacal carbonate of cojv 
per, using one ounce of copper carbonate to t\Yelve gallons of 
water. (.5) Repeat the fourth application at intervals of six or 
eight days until the fruit is harvested. It is only in very few 
localities tliat .such ineasures need l>e adopted ; la the majority 
of cases the third and the fifth recommendations wull suffice. 

Curl; Leaf Curl; Frenching deformans, ¥nck \.). — 

Description, The name ‘‘curl” has been given to this disease 
oil account of the apptnirance of the affected leaves. As soon as 
the first leaves have become grown, they frequently show a 
curled or puckered appearance (Fig. 67); the ridges may 
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upon the biuls and t\vij;s, for wh^u buds are taken from dis- 
eased trees and inserted in nursery stock the resulting shoots 
{jenerallv show the tlis- 


eiisfi, although there 
was 110 ajipareiit infec- 
tion ^Yhen the budding 
was |Xirfoniiod. 

Tmttiuenl. Some 
tliink to have con- 
trolled tlie disease by 
spraying thoroughly 
with the copper siil- 
jdmte solution l>efore 
the buds break, and 
following this, after 
tlie trees liave blos- 
somed. with ap])lica- 
tiuns (d tlie. Ibjvdeaux 
mixture at intervals of 
about two weeks until 
duly first. Iturning af- 
huded leaves and giv- 
ing good cultivation 
may also decrease the 
severity of tlie trouble. 



Leaf Rust. See under PurM, 



Mildew {Podospha'rii De- 

Hary). — fh^rrijidoii. Karly in the sea- 
son. before the ])eaches are one-half 
grown. llu*y are occasionally attacked by 
a mildew wliicli produces white, powdery 
patelies upon their surface (Pig. 08 ). 
d’lu'se may be very small, or they may 
enlarge until they are fully half an inch 
in diameter. As the season advances 
these parts become brown and bard, some- 
times causing the jumoh to crack. The 
foliage is also attackeil by this fungus; 


here it produces a tliiek (‘overing of wliite mycelium which 


entirely obscures tlie green color underneath. 
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Trtaimeni. It is probable that the disea,se can be checked 
by spraying tlie trees with tlu‘ Uordeaux luixture as soon as the 
fruit has set, and following tiiis at intervals of two weeks by 
two treatments ot one ounce of the carbonate of copper dissolved 
in ammonia and diluted with twelve gallons of water. 

Rosette. — I’iiis disease causes tlie growth of atl'eeted trees to 
become compressed and bunched in the fonn of a rosette. The 
caases as well as the remedies are unknown. The disease is 
found only in the southern states. It is contagious, and atl'eeted 
trees sliould be destroyed. 

Yellows. — Teach yellows is a disease which has so far battled 
all researches as to its cause or the metliods of curing atfecteil 
trees. Tlie trees tirst ripen their fruit ju’ematnndy, the peaches 
passessingdistinct red streaks extending from the surface towards 
t he }>i t . T h e f ol 1 o i n g vt' a r s 1 1 le lie \\ g 1 - 0 w 1 1 1 i s ge u e ra 1 ly t u f t e< 1, 
and branclied shoots arc pvinluced from wood that is more than 
two years old. Such growths have narrow, horizontal leaves, 
which are yellowish in color. The disease is contagious, and 
afteoteil trees should he burned as soon as the disease is dis- 
covered. Xo cure is known. 

IxsKC'T Enkmifs. 

Black Peach-aphis Smith). — 7>e.srr//> 

lion. These plant lice arc sliining Idai'k in color, one form liav- 
ing wings, the otln-r pos><‘ssiiig ihhu'. I'liey iV'ed u]>on the juices 
of tlie trees, and may b<- tnuiid upon tlie leaves, stmiis, and roots. 
They reproduce in tin* eharaet eristic manner of jdant lice. 

Trtaim^nt. The insis ts foiiiiil above ground may be <le- 
•stroved bv kerosene enmlsion ilihiled iifh'eii or twenty times, or 
by tobacco water. 'I'liuse foimd upon tin* roots are more dilli- 
cult to destroy, 'robaeco stems or dust may be ring about the 
atl’eeted parts; or tin* rools may b<‘ exposed, and water having 
a temjieratiire of Mo* F. pmircd upon tliem. .Another remedy 
w'liicli .'bouhl give exci*llent results is to inject l>isulphide of 
carbon about tlie roots, using about a teasjxxmful to <*verv 
Sipiare foot of soil, d'lie roots of young trees maybe flipped 
in hot water or in km'oscne emulsion before setting them in 
their permanent jiositioiis. 

Borers. See under .\i'I’I,k. 

Plum Curculio. See under Ti.u^r, 



Pear. 


338 


PEAK. 

Fnxfious Diseases. 

Leaf Blight; Fruit Spot {EnUmio^porium macxdatum^ Lev.). — 
Description. Phe leaves, stems, and fruit of the pear are sub- 



r.it, — iVjir li'ul'Mijriit, 


j(‘ct lo tlie attiU'ks of tlie loaf bli^dit fungus. Quince trees suffer 
ill tile saiiu' inaniKM’, d he diseasi* appears as soon us the first 
leavi'.s art! th'velojMMh or, if the wt'uther is drv, it may not cause 
any injury until luiilsiunnn'r. d'lie leaves become dotted with 
reddi.sii-brown spots which gradually increase in size, coalesce, 
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and eYentuallv destroy large areas (Fig. 60). Tiie leaves finally 
fall to the ground, and if the fungus is very prevalent the trees 
inav be entirely defoliated. I poii the stenvs the atleeted parts 
appear black and dead. I'lie fruit first shows reddish spot.s 
which later turn dark (Fig. 70). If the pears an* attacked 
while small, the diseased parts grow but slowly, the tissues 
become hard and corky, and tlie result is an irregular fruit, 
gene rally cracked upon the dwarfed side, and more or less 
marked by isolated spots which apja-ared after the fir.st seri- 
ous infection. Quinces suffer iu tlie same manner, but the 



Kfti. TO. — Tlie fruit of pears. 

foliage freijiiently turns yelhnv beff>re fulling to the ground, 
and the affc'cterl fruit is mnttleil witli black s])ots less than an 
eighth of an inch iu diameter, when late infections have taken 
place. This fungus is probably tlie most serious of liaise wliidi 
work upon these fruits, but fortunately it may be controlleil 
with comjiarativc ease. 

There is a bacterial disease whieb is fri*i|nently mistaken for 
the leaf blight, but it is entirely distinct. It is commonly known 
as *■ five Idigbt ” nr “ twig biiglit.” Tt is very serious upon pear.s 
and quinces, and also frequently attacks some varieties of ap[>les. 
It caiis^^s the foliage to turn to a uniform brown, the change 
taking place sometimes in two or three day.s. The leave.s do not 
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fall from tlic treys but re main upon the branches, giving the 
parts the aitpearaiice of having been scorched ]>y fire. Tlie 
bark of affected stems l)ecomijs brown and stinkem The bac- 
terium enters the tree thivjiigli tlie Idossoms and also through the 
growing t ips. 'I’heie is no known reni(?dy, the only method of 
checking the malady being to cut out affected parts and to 
burn tlicm as fast as they ap]K^ar. 

Treat mntL 'i'he leaf spot of ])ear and (niince may be pre- 
vented by s|irayiiig the tree.s with the Hordeanx mixture as 
.soon as the first leaves have develo]'»ed. Tlie application should 
be repeated at intervals of two to four weeks, more treatments 
being made during moist weather, until the first of August, 
latter treatments will rarely lie reipiired. In ca.se they should 
appear to he nece.ssary, the aiumoiiiaciil carbonate of copper, 
diluted as for peaches, should bi‘ a|)])lied. Other clear fungi- 
cides will answiM’ the same purpu.se for the late treatments. 

Rust. See under Aimi.i:. 

Scab. See under Ainu.u. 

Inskct Knkuiks. 

Borers. Sou under Aium.k. 

Bud-moth, See under Aimm.k. 

Cigar-case Bearer. See iiiidm- Apple. 

Codlin-moth. See lUMlor Apple. 

Curculio. St^e under I’n .u. 

Midge ( pifrii'ora, IJiloy). — Deacripfion. Tlie mature 
insect i.s a small two-winged Hy or gnat. It appears in early 
.spring, the winter liaviiig been passi'd in the pn]>al stage, and 
lays its eggs in the young ]>eai‘ hlo.ssonis even before tliese are 
tally opiuKMl. Till' eggs liateh ipiiekly, and the larvie inime.di- 
ately bore into the young fruit, which they pierce in all direc- 
tions. 'rii(* fniit becomes swollen and mi.ssliapen. and eventually 
drops from the trei's. Before this takes ]dace the pears crack 
open ill wet weatlier, and tlius allow the e.scajie of the midge 
larvae d'he larvie are less Ilian tliree-sixteenths of an inch in 
length; they are pale yellow in color, and liave a very smooth 
skin, 'riiey enter the ground early in dune ami there pupate; 
the mat lire inseet appears the following .spring. 

Treatment. The pear-inidg(> is »‘\ceedingly difficult to control. 
It cannot be reached by insecticides while in the pears, and after 
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it has pupated it is also well protected. If the pears are not 
allowed to set, tlie larvte will be unable to develop, and the 
recoiuiiiendation Inis therefore been made that the trees l>e 
sprayed while in hlossoiu and all the fruit prevented from 
settinj^. Tills might be aceoinplished liy using an arsenical 
spray, as white arsenic, but no experiments appear to have 
been made to settle the point. IMckiug the affected fruit before 
the larvic enter the ground lias also been suggested, as well as 
thorough cultivation to destroy the ])np;e. Thorough aj^plica- 
tion of kerosene upon tlie surface of the soil would also destroy 
many of the larvje before they pupate. Professor Smith has 



Fio. 71. — Pear lent blister. 


said that Ineivv fertilizing applications of kainite, if made 
early in July, ^vill materially reduce the numhers of this insect. 

Pear Leaf Blister {PhifOiiiius Sdienten). — Oc'.<eWy>/mn. 

The animal causing the o^tblisli blisters so commonly seen 
upon pear leaves early in the season (Fig. 71) is a true mite 
(Fig. 12). It [busses the winter uiKhu' the outer .scales of the 
buds, ami a.s >ooii as warm wcatiier starts the trees into growtli 
it alianduns it^ wiiiPT rpiarters and liegius to feed upon the 
juices of the young foliage. I’lie insect miters the leaves, wliere 
it is entirely jirotected from all a] •plications of insecticides. 
The pres4mce of this pi^st caiws the formation of small swell- 
ings which are dull red early in the season, but later they turn 
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green, and about tlie middle of June they appear as irregular 
brown ])atclies, of varying sizes. The leaves become distorted 
and luusightly, and redden up early in the fall. 

Tie.ittfaeut. Spray the trees in .spring before the buds swell 
willi the llubbard-Uiley kerosene emulsion, diluting with 
fiv(i to .seven parts 
of water, One 
thorongli applica- 
tioti will practi- 
cally exterminate 
the insect. 

Psylla (Psj/Ua 
pijricolu^ Forst.), 

— Descrl p/inn. ^ 

I h(^ OggS of tlli.S Kii; . 7J. — M it(‘ I'Miisiug' jioir leaf Ijlister, enlar^'ed. 

insect are lahl 

early in spring, during warm days of April, by adults which 
liilieruated during the winter. Tlie eggs are laid in small 
cr<‘vi{:i‘S of tin* twigs; tliey liateli in aliont two \veeks, and pro- 
dinte siiiall tlatteiied nymphs (Fig. T-l). which suck the juices of 
tlie tree. They occasionally 
appear before the buds have 
oprned, in which case they 
iiide under the bud-scales or 
under the l>ark, and wait for 
th(^ com i tig of the leaves. 
Tliny tlien seek tlie axils of 
the leaves and move but little. 
They seende large quantities 
of lioiievslew, often being en- 
tirely covered with it. It rims 
down the stems of the tree, 
ami is a favorable medium for 
tlie grout li of a dark fungus 
wliieli eanses the tree to ap- 
pear as if covered with soot. 
Tlie absen<*e of this color is a good imliealiou that the p.sylla is 
not presiint. 'riie adult insect (Fig. 71) iqipears about a month 
after tlie egg hatches. It closely resemhlcs a cicada or liarvest- 

> .Soc Slliitf*»rlainl, Corndl Agvk'. IdiJ, Oct. Hviil. 44, 

z 
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fly, but is only about a sixteenth of an inch in length. This 
winged form is extremely active and di then It to ca]>tui'e. 
Affected trees become much weakened; tln‘ bvliage is light 
green or yellow isli, and if the tret; is badly 
infested both the fruit and the foliage drop 
prematurely to the ground. 

"t'n:niment. 'L’lui V)est method of ov<o'- 
coming tliis destniotivt^ insect is to spray 
the trei's witli kerosiMu^ emulsion, eoutaim 
ing from i to o per cent (*f kevosem*. as 
soon as tle^ tirst leaves have nnfohled in 
spring. Thf! application should In* madi? 
very thoronglily, and it sinuild lu* r<‘pi“ated 
om'e nr twice at Intervals of ten <lays or 
two w(M*ks, if tlf*re is reason to that 
many insi'ets havi^ sur\ived. dd'cat iiienls 
made during the snnuni'r are also of value, 
but tile spray must be copious, ami it must In* thrown uilli great 
force to destroy tlio adults. All applications slioiild also bt‘ 
made soon after a rain, for them th<* lioiu*y-ilt‘\\ is nnt'^tly washed 
away, and the immature insects, or nyniplis. may bo reached 




Ki<,. Ti'i, — (’liiTry iiptui [.(■;kr 

more easily bv tlie cmulsioM. W inter applications (d kerosene 
emulsion as applii*d for plum scales liave lii'en reemninended. 

Slug. — d'lie shiny dark-oolori'd slog, which is so lre(|oenlly 
seen upon j»<'ar foliage! Fig,7d), is idimtieal willi tho one loiind 
U|H>u cherrv foliage, A desei'iption oj tho inseol will he found 
under Ciikrry, but it will Iw well here to emphasize tlic iieces- 
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sity of treating the pest before much damage is done. Appli- 
cation should be made seasonably and thoroughly. 


See Sycamore. 
Fuxgous Diseases. 


rLAXE-TREE. 

PLUM. 


Brown Rot. See under Peach. 

Leaf Blight; Shot-hole Fungus {C}iVmdrosponum Padi; Sep- 
toj'ia cerasina, Peck). — Description. The foliage of plums and 



Fill. T(V — Sh.)t-lioU> of plum. 


cherries is ofbm disfigured in early summer by snuill circular 
S]>u{s about an oiglitli of an inch in diameter. The spots are at 
fn-sT of a purple ei)lor. Init lalnr, as tlie tissue dries, tlie color 
eluuiges to l>row!i, and (lie atVeeted areas become loosened and 
tlidp out. 'This eansi's tin* leaves lo a]>peai' as if pierced by 
sliot, as tbi*v are fivipumtly full of these small, round holes 
(Fig. Tti). In such cases the foliage turns ycllovv, drops during 
the .summer, and the trees are unable to mature their fruit. 
If uncliecked, the fungus may eause serious losses, but fortu* 
the disease is easily eont rolled. 
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Treaiment, The trees sliould he sprayed with tlic Bordeaux 
mixture as soon as the leaves appear, tlie application heiujj re- 
j^ated at intervals id (wo or tlireo weeks untilahout the middle 
of July, t'lear fuin^icides should he applied lo chfuades early 
in the season to aviud staining the fruit, and the sanu* precau- 



tion should be ob- 
served witii plums, 
although the Bor- 
deaux mixture may 
luM'onti lined longer 
wit lit his crop. Kmir 
apj'liealions should 
lie siitfieient even in 
\erv bad seasons; 
and two or three 
will generally be 
foiiiHl sntlirit-nt . 

Leaf Rust 

ftllKt Pt'IHll-SfHnnSlf\ 

rei.s, ~ ]}t 
lidit. Ill general 
appearaiiee this dis- 
ease is very similar 
til the ])n‘eeding. 
’Idle atTeeted areas 
an* dull red Ujion 
t lie II] i|x*r surface of 
tlie leaf audyellow- 
isli-brown on the 
lower surface, but 
the spots are small, 
and fr(!<]ucntly 


¥u.. 

J'rtfffmf'nf. 

blight. 


M. — lUack kii'U nf [iliim, 

(five tlie >ame ti'eatnient 


eiinse tlie foliage to 
dro}) ]>re maturely, 
as for the plum leaf 


Plum Knot; Black Knot; Plum Wart { P/uirrlf/lalf! [Sjiharin'] 
HiorW/f, Saee.). — }h .<rr‘i{tti<)n. It is a eoninion opinion (liattlw 


black knots (Kig. 77) found so giuierally upon jdum and sour 
cherry trises are (aoised by inseets, Imt such is not tlie cay*.’ 



Plum. 


341 


These swellings are caused by a fungus, and the insects find 
them to be good breeding-places, which explains their presence 
in many old knots. Although the fungus has long been known 
to mycologists, its life history has not yet been entirely de- 
termined; enough is known, however, to serve as a safe guide 
in the treatment of the <lisease. Early in spring, when growth 
starts, those sw(dlings begin to ap[)ear. At first they are yellow- 
ish in color, I nit later tliis changes to a darker shade. During 
May and duiu^ a crop of spores is produced upon the surface of 
the knots, causing them to appear as if coated with a thin layer 
of veh'of. 'This soon disappears, and tlnm the knot becomes 
darker until winter, when it is jet black. In November and De- 
cember the surface of th<^ knot may he scon to be thickly cov- 
ered with 111 inn I e lilack elevations, in which the winter spores 
are home. Tln^se are ilistrihuteil during the latter part of 
winter. 'I'lie spores gcmerally gain entrance into tlie trees at 
tin* crotches of small limits and at the junction of animal 
growths. 'I'hey cause swellings which extend along tlie younger 
hraiu’hes to a distance of four or live inches the first year. All 
the mvcelimn do(‘S not <lie. during the winter, so the following 
spring the formation of new swellings may lie seen at the edges 
of the old knot. In this manner the disease may live from 
Year to year, or until the liiiili dies, 

Tn nhut itt. d’li(‘ genm-al reooiiiinemlatioii has been to cut out 
the knots and destroy them as soon as they are discovered. It 
sln>uld he ilone hotore a crop of spoo's is matured. If in addi- 
tion to lliis tlie trees are llioroughly sprayed with the Bordeaux 
mixture during tin- warm days of early spring before growth 
starts, and again when the buds are about to hurst, it is proba- 
Iile that the winter spores may he rendered harmless. If the 
crop of .sjvires jn'odticed during Mav and June is similarly dis- 
]>os(‘d of. no infection iieeil he feared. C'onseipiently the trees 
should be sprayed for tlie third time with the Bordeaux mix- 
ture during the latter ]iart of May. and again about the middle 
of June, 'riu-se applii’ations must he tliorougldy made, and if 
this is dom‘ the black knot fungus iiiav be practically con- 
trolled. In case a knot a[ipears npmi a large limb, or ii]>on Ihe 
trunk of a tree where it eannot he (“asily removed, if shouhl be 
jiainted with pure kerosem' oil. I’liis will destroy the knot and 
y^o the living tissue surrounding it; care should therefore be 
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exercised in the application of the oil tliat it is not too freely 
distributed. Ky mix i tig some coloi-iiig matter witli the kero- 
sene tlie treated parts may easily lie tllstinguished. 

Plum Pockets; Plum Bladders [Tojthrioo] Pma!, 

Fiickh). — Description, riums are frct^uently attacked by this 



Fii;. T^, - I’liim 


fungus soon after tliny I'lfissoni. Tie* uffeeted fruit begins to 
swell (Fig. 7-'i) until it is from mte to tuo inclies in huigtli. At 
first the plums are very smooth, but they are yellow iu color. 
Later this changes t(j giay, the apjHan'anee being caused l»y a 
thick coating of I lie spores of tlie para-iile. 'I'liis color is then 
replace*! by dark brown or I duck, ami towards the cud of 
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the fniit falls to the ground. Tt is then nearly hollow, and rattles 
like inflated bladders. The walls of the plum are fairly thick, 
but no .stone or pit exists. Wild cherries and plums are also 
attache:! by other closely related fungi. The mycelium of these 
fungi is perennial, so that tlie disease generally appears year 
after year on the same tree. It attacks the leaves and stems as 
well a.s tlie fruit, and causes tlie affected parts to become swollen 
and distortcid. 

TnitifiMut. No careful work a])]x^ars to have been done in 
controlling the fungi tliat cause plum ])ockets. From the fact 
that the mycelium lias been found growing upon the twigs and 
extending to tlie young leaves and fruits, it seems probable that 
the copper coiiipoimds would prove valuable in controlling the 
disease. 'Fhe trees sliouM bi* s]>ray(Mi when the buds begin to 
swell, and again just before the blossoms o])en. Tlie disease 
luav also spread by hum ns of spoies. and this would probably 
necessitate aj)pIicatioiis at the lime when the affected fruit is of 
a gray color. 

Powdery Mildew. See under Aitle. 

Rot. See under PEAi'll. 

Insect Knemiks. 

Borers. See under .\pplk. 

Bud-moth. See under AvrcF,. 

Canker-worm. St'o under Appi.e. 

Curculio ( ^ 'unofrnrhfbis Uevh^t).— The 

plum ouivulio, or “ little d ark,” as t he, btM‘tl(‘ is oeeasioiially called? 
is the worst enemy of ]dum growers. I lie adult insect is scarcely 
a fourth of an imdi in hmgtli. It is grayish-brown in color, and 
has a Idaek hump on tin* CfUiter of each wing cover. Ihe long 
snout is gtMierally (uirved underneath the body. I lie eggs are 
laid in the voiiiig ]duius as soon as the blossoms fall, and beetles 
may still hr* ]u*eseut even six weeks later. Uy means of the 
snout a liole is Ixired in the plum and the egg is laid within it; 
a. crescent -shaped ('iit is tlum inaile about the ]>art containing 
tl)e»‘gg ill siieh a niaiUK*!' tlial a small lip of the green flesh is 
formed. Within (liis lip thn egg is secure. It li at dies in a few 
<lays, the grub nnmediately beginning lo eat its way towards the 
center of the fruil. It feeds for about ftuir wt>eks, being then 
C^r tlin e-eigliihs of an inch in leiiglh. It is of a yellowdsh' 
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white color, the head bein^^ pale brown. Wliou full grown, the 
larva leaves the plnni and descends several inches into the 
ground. It there pupates, and the mature* insect appears in 
the fall, or so juet lines not until the following spring. There is 
but one brood each year. 

Treatment. Spray iiig tlie trees with arseiiites has been reconv 
mended as an effective nietliod of destroying the curculio, but 
many growers doubt tlie elhciency of the practi(!e (see pp. (KS, 7d). 
The beetles feed some time before laying their eggs, ami .such 
applications are designed to kill tlie adults before the eggs are 
laid. The first treatment should be made as soon as the first 
leaves unfold, and before the blossoms open; the .secoml, when 
the blossoms have fallen; tlie third, about two wiMiks later. 
Paris green and lime shouhl be used, eaeli at the rate of one 
pound to about two hundred gallons of water. 

Another method of <lestroyiiig the curculio, ami a more certain 
one, is to jar tlie trees early in the morning lie fore the beetles 
are active. The insects fall readily from tlie trees, ami may he 
caught on sheets, or in some of tin; machines now used htr the 
purpose. When the insects are ordinarily al>umlaut, tlie trees 
should lie jarred every other morning, hegi lining the work as 
soon as tlie hlossnins have fallen. In st^vere cases the tn^es 
must Vie treateil daily, and some growers have repeated the 
Operation again in the evening, as llie in.sr^cts were so numer- 
ous. Jarring the trees should be continued until the beeths 
are no longer caught ujiou the sheets; in this manner the fruit 
will Ikj well protected. 

Plum gouger ( C</O'otor>(.< scti/p/Zf/ns, T„ec.), — Dr.-irrififlon. Tliis 
insect is found mostly wf*st of the Mississi[)pi River. It is a 
snout-beetle, and resemblt's the ]>1 iimi enrenlio in many respi*cts. 
It is, however, yellow isli-browii in color, and wlien the <‘gg is 
laid no crescent mark is made ahout the ])<)int of insertion. 
The Ian*a burrows into the pit; liere it ])iipali‘s. ami late in 
summer or early fall the adult ap[w*ars. 'Lhe winter is ] task'd 
in this stage, the eggs being lahl the following spring at the 
same time as are those of the, plum curculio. 

Trenfm^ht. The [)luin gouger is controlled in the same man- 
ner as tfie plum curculio, 

Plum-scale {J^ecttnvim s]),). — 'I'liis seale insect 
passes the winter in an iin mature form. The .scale.s are 
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/bne-twenty-fifth of an inch in length; they are very narrow, 
\Wit, and of a bi’own color. About the first of April these 
minute scales move aliout aiul soon fasten themselves, gener- 
ally to the under side of the small branches. They increase 
rapidly in size, so that in two months they are from two to 
three-sixteenths of an iiicii in lengtli, and nearly circular in 
oulllne. At this time egg.s are abundantly produced under 
the large brown scales, and l>y tiie first of July the young in- 
sects maybe seen crawling over the branches. They pass on 
to file uml(M‘ side of the leaves, where they establish themselves 
near the larger veins. llm*e tliey remain until the latter part 
of .Vugii.'^t, when they return to the branches. The affected 
leaves make little growtli ami look nnliealtliy; and although 
the scab's have increased but little in size, so much sap has 
been removed tliaL tln^ trees make but little growtli and the 
fruit is dwarfed. When the insects return to the branches 
in tlie fall they are of a rich lu'owii color, and hut oiie-l weiity- 
fifth of an inch in length; in form tliey hibernate, and the 
following spring they again beeome active. 

Treotinmi, In the fall, as soon as tin* foliage has fallen, spray 
the trees with tlie Hubbard-lliley kerosene emulsion diluted 
with four lau'ts of water. .\ weaker eiiiulsion will not be 
etfective, and a sti'ongcu' one may iiijine the trees. If this 
work is thoroughly done, the p(‘st can be practically extermi- 
nated. ’i’lie appl'catioii may lu' made any time from Xoveiu- 
ber t(i .Vju il. During the sunnmu* months the foliage iiiterfere.s 
w itli the ]uoper a]i]>lication of the s]U’ay, and the emulsion can- 
not be a^ijdied to the huives with safety. 

Slug. See under (.'hkkkv. 

POTLAR. 

See ('o r TON WOOD. 

ro'rAi'o. 

Frx(;ors Di.skasks. 

Early Blight {Mtirra^iinrnm} SmlanK 1j. M.). — Dfavriplion. 

Tile <*arly blight of potato«‘s is mU yet fully inid(U’stood, but 
much of tlie earlv dving of tlie leaves is no doubt caused by the 
fungus im'litioiied. Observations tend to show that the injuries 
caused by tile l!ea-bee( le fre(picnt!y serve as st:irting*]>oint.s tt>r tlie 
( big. 711). Around the little holes made by these insects, 
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^here may ha seen tlie characteristic browning and drying of the 
deuf-t issue, rings of a darker color being visible in the affected 
\\reus. 1'ho edges of the leaves are more generally affected, and 
as the siiiall, circular spots increase in si/.e they run together 
!iiid destroy the entire outer portions of the leaf. 'I'hcsc then 
turn yellow and later brown, the edges curl up, and lliially all 
tlie leaflets and the petiole are destroyed, 'the injury also 
extends to the stems, and eventually the plant dies. The pota- 
toes do not rot, but they remain small. The hrowning of the 
tissue often lu'gins during’ July, tlie trouble being iiiiich more 
severe u])OU mature plants, and if the weather is moist the 
troul)le appears increase le.ss rapidly than during a drought. 
Whetlu'i- tlie early Might fungus is capaMe of entering unin- 
jured tissue, or whether its entrance is entirely dejieiideut upon 
the work of tlie flea-beetle, has not yet been defluilclv deler- 
mine<l, but it is undoubtedly true that tlie abundance of this 
insect has emisidmable influence upon the prevalence of the 
<lis«‘ase. In some cases tlie. tissue dies ii[>parciilly w itliout the 
assistance of insects. 

'J’l'riituuiif. Spraving’ the vines with the llordeaiix mixture 
has given fairly good results, ’riie fnngieide should lie used at 
least <tf normal slreiigtli, and it appears prohahle that a 
stronger mixture is still move beiiel'ieial. For very early pota- 
toes till' lirst ap]»lieati(Ui should be luadinin Xew \ork, in June; 
fni' iiiediuiii vai’ieties i I'om the first to tlie middle of July; 'while 
late varietii's may nut require trealiiieiit before the first of 
August, altlnmgli tliis period is rather late, tlie third week in 
-Inly being jteiiiaps an average datia Applications should be 
repeah'd at intervals of two to four weeks, three treatments 
being sutru'ieiit in seasons favorable fo the limgus. If powci 
sprayers are used, each row should receive as much liipiid as 
is Ihrowii liy twu Vermorel nu/./h's while the horse is walking 
across the field, d'lie vines si null d be very thoroughly treated. 

Rot; Blight; Late Blight; Downy Mildew {Phtjiopldhmi in- 
De VyAvy).- Potato Might, or rot, lias 

long Ixaui known as the most smioiis and destructiv e of all 
potato tronliles. When the weather is warm and moist the 
disease spreads with great rapidity, so that an entire held may 
he destroyed in tlie. eoiirse of a few days, d'he first symptom 
of the malady is the browning of distinct areas upon the potato 
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leaves (Fig. SO) ; the affected portions may he small, tliey 
may extend over the entire leaflet. In this respect it differs 
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imdeJNiavorable circumstances over large portions of the foli- 
■^ge. There is also soon formed on the under side of the dis- 
ulored parts a frostdike coating, wliicli is coniposed of the 
suiumer spores and of the threads bearing them. Such a con- 
dition is not pvesei\t when tlie plants are attacked by the early 
blight. The tubers of plants attacked by the phytophthora 
almost invariably rut, and it is on this account that the losses 
occasioned by liie disease are often so great, ft is supposed 
that the tubers are infested liy spores which fall to the ground 
from the diseased leaves above, and not by the inyceliuin of the 
fungus growing downward witliiii the stem to the potatoes. 
The spores are carried through tlie soil by descending water, 
and upon reaching the jiotatocs they gain an entrance into the 
tuliers and cause the dry rot which is so destructive. It is pos- 
sible, liowever, that the lubers may be readied by both methods. 

As its name implies, (he late blight does not, appear early in 
the season. It rarely attacks ]ilants l.iefore the middle of July, 
and freijuently not befoi'i' tie* first of S(‘ptember. Consequently 
tlicre is aluindaut time for ti'cating the vines, and the losses 
from this disease ncc<l not be heavy. 

Tfcohiuiit. 'Ihe ]iotato rot caused Viy this fungus can be 
almost entirely ]>revented by the apitlicatioii of proper iniigi- 
chles. l'ht>. Work of Professor .loiies of \'ermont has clearly 
shown tliat tlie disease can be coiitrolleil, and evjierinients made 
in Kuropc liave empbasi/a‘d the same fact, llurdeaux. mixture 
is tlie Ix'st fungicide to use. as there is no danger of disfiguring 
the crop, nor of injuring tlie foliage. It should be made at least 
of ‘‘normal ” strength, and when made according to the ‘‘stand- 
ard” formnla, it has been still more ctfective. But the latter 
mixture is apjdied witli (‘ousiderable ilillieutty, so tliat thorough 
appli<*atious of the former are to lu^ advised, 'rrealments may 
h(‘ liegun any time during July, depending upon the time of 
planting and the lateness of the variety. July lotli is generally 
early enough for the first application in New York. It should 
be followed liy one* or two others made at intei’vals of one to 
three weeks, depending iipmi the weatlier. If the potato foliage 
is thoroughly covered with tlie mixture, little trouble need be 
anticipated from this disease. 

Bacterial Blight. — I’olatof's also appear to sutTer from a bac- 
terial disea.se which causes the death of the parts above ground 
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and also a rotting of tlie tubers. Xo distinct discolorations ‘'^•pear 
upon the leaves, as is the ease with fungtuis diseases, Imt the , 
entire plant is unhealthy jnul dies ]n-e maturely. 'I'nbers 
qiiently show discolored patt lu‘s on their surface before decav' 
ing; a soft rot results. No remedy is kiu'iwn, except rotutiuii. 

Scab (t)e,v/)e/v; Tliax.)- — Ih\«'r}i)t!on. Potatoes very 

commonly *;utYer from the attacks of a fungus which causes the 
skill of the tubers to become rough or scurfy (Fig. 81), tlie 
injury often penetrating to a eoiisiderabh' depth, 'riio life 
history of the fungus is not yet well understood, but it is 



Fe.. 

known that the ilisease may be communicated to new tubers by 
unclean seed, and tluit baniyanl manure, lime, or ashes may 
have a tcmleiujv to imu’ease the disease. Soil in whiidi scaliby 
potatoes have bi*eii ]irr)duct‘d als»» appears ea]>abl(' of infecting 
later crops. One kind of si'ab is eaiisinl liv an insect. 

Treahitf'nl. laiinl in uliifh tlie scab fungus is found should 
not be plantrul to potatoi^s, and only (.'loan fcrtili/.crs or unin- 
fected luaniire should be appli(>d. Scaldw seed may Ix' c!(‘aned 
by soaking it for an lumr and a half in a solution of corrosive 
sublimate, using one outici' of tli(^]>oisrm iti (dglit or nine gal- 
lons of water, d'liis may lx* doix; either befon* nr after tlie 
potatoe.s are cut, but the tuber.s must not again be brought in 
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•outa it with the disease. Tt is safer to treat the seed before it 
is cut; and if ciire is taken not to transfer the organism to the 
cleaned potatoes, no scab should develop upon clean land. Ilal- 
sted has been successful in pi'eventing the develojnnent of the 
disease by rolling the seed in sulplmr. He used the sulphur at 
the rate of three humired pouiuls to the acre, that which did 
nut adhere to the potatoes being sprinkled in the open tow, 

Tn'skct Hxkmius. 

Colorado Potato-beetle; Potato-bug ( Dory/j/jom Wineata, Say). 

— Drscnptiim. This insect is too uell known to require a de- 
taih'd description. It hibernates during the winter as a mature 
insect, ami in tlie spring it begins to feed upon the foliage of 
eggplants or potatoes as soon as these are at hand. The eggs 
are laid oti tlie under side of the leaves. They are bright yel- 
low in. color, aiul easily seen. The larvfc appear in about a 
week, and the plant is soon strqiped of its foliage, in a short 
time the grubs become full grown; they then leave the plant 
and piijiate in the suifaee soil, Here they remain about ten 
days, when the mature insect again appears. 'I'here are three 
or four broods eacli year. 

Ti'eniment. potato-beetle.s are easily destroyed by spraying 
the young ]>lants with an arsenical pnison. Tliis should be 
done early in the season so that the first beetles, or at least 
the ti rst brood of larva\ may be exterminated. The poison 
.sliould be. made about one-fourth or one-third stronger than 
for fruits, as tliese insects seem to r(Mpiire more poison than 
most others. There is no danger of injuring potato foliage in 
this manner, 

Flea-beetle (PlniUotn^la rttfnio, Fabr.; JfuJtlca .s'/rm/ufa, Harris). 

— Ih^arrljifiott. 'Pliis specu's of tiea-beeth*, as uell as several 
others, makes th«‘ growing of many garden plants a difficult 
malter. I’he mature beetles are. as a rule, not more than one- 
tenth of an iiieli ill huigtli. They are very active, and move so 
(piickly til at their ]io polar name is very appropriate. The 
beetles ajqtear muiv in spring and eat out little cavities in the 
tender foliage of voiing plants, often to such an extent that the 
plants are ruined. If the work of tin' beetles does not destroy 
the crop, tlie injured }Kirls afford conditions suifoble to the 
growth of certain fungi, and tliese two parasites may succeed 
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iu iiccoiiiplishiiig tliat ^Ylliell each alone could not have*aone.< 
There appear to be several broods of the beetles each season. 

Treatment. Xo unifonuly effective remedies are kiiownf 
Good results have been obtained by dustliig the young plants, 
while wet, very freely with tobacco dust. Arsenites have also 
been recommended, as well as lime, ashes, plaster, and kerosene 
emulsion. Bordeaux mixture and soaj) has given good results 
in certain eases when thoroughly applied. 

Fl-sgoi-s DisEASt:s. 

The privet is comparatively free from fungous diseases, one 
form of blight which occasionally ap[HNU's rather suihhudy being 
the most serious. It is probably due to Phi/lloMicta Lifjnstri, Sacc. 
Little attention has been given it, luit the use of Bordeaux mix- 
ture is the most promising line of treatment. 

Ikskct Enemiks. 

Privet Web-worm (MnrfifirDiP.'i (in.).— /)e- 

.<cr'(ptimi. The adult inuth is almust entirely wliite, a nari'ow 
brown line marking the anterior edge of the front wings; there 
are also a few brown dots and markings at tlie outer edges of 
both pairs of wings. The body is almost entirely white. It is 
nearly tive-t*ighths of an inch in length, the wings expanding 
about one aiul onedourth inches. Eggs are laid in sju'ing, near 
the mill-vein of tlie leaves: they hatch in less tlian a week, and 
the larva^ immediately begin to feed iijxm tlie foliagi*. 'I'liey 
vary in color from yellowislj-gr*‘eu to a very dark green, while 
along tlie back are situated two njws of small black warts. The 
heail is yellowish-green. The caler])il]ai's feed for about three 
weeks: they then pupate, the moth appearing about eight days 
later, Tltere are at least four broods of this in.sect eacli year in 
the latitude of Washington. 

Treatmeuf. The free tise of arsenites or of kerosetie emulsion 
will undoubtedly exteniiiiiale the insect if the work is begun 
when tlie first larva; are s<am in spring. 
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Powdery Mildew. See under Mitskmki.ov. 
Insect Esemie.s. See under Cm cMUKu. 
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QUINCE. 

Fcnooi’s Djskasrs. 

Black Rot {Si^/tn'i’t)i).'ils Malorum^ Peck). — Description. Apples 
and ] tears, as a.s (piiii(j(?s, suffer from the fungus whicli 
causes hlack rot. 'Fhe fruit is generally not attacked until it is 
at least oiiedialf grown. 

Infection takes place, as 
a rule, at the blossom 
eml. A small b^'a^^'n 
spot appears upon the 
surface, ami as it in- 
creases iu si'/e dark pim- 
ples appear u[)on the 
part first affected. Later 
tlie fruit crack.s, and 
.spores are freely dis- 
trilnitcd. The diseased 
(piinces fre(pieutly re- 
main hanging on tlie 
trees tlirongliout tljc 
winter, and serve as ex- 
eelleiit sources of intec- 
tion. 

TtriifiiicKf. As tlie 
malady apiiears late in 
the season, the ap[ili(a- 
tion of the Hm-deaiix 
mixture can s('ar<‘(‘ly he yj,, (.2. — Quinoe fiiiirtsi'afloctea vith leaf 
recoimnended. Lit;ar 

finigieides slioiild be used, and, if tliui'ougbly applied, the dis- 
eas(^ whicli, as a rule, is not serious, can probably be held iu 
check by two or three Ireatmeiits. 

Blight, StM} under Pkau. 

Leaf Blight; Fruit Spot; Leaf Spot {Enlomsporium macula- 
funu I'Aw).— Drsrrijtduu. Quince foliage is generally affected 
by the leaf-blight fungus during early summer, lig. 82 

rci>r<«o«ts "ill' II"' "Fte 

which ave pvoiiiici'*! hv ttn‘ fuii^'us. oi 

Im-u» , 1 cokir, luicl althuugli ut Hrst I'ii'.'iilar iu Sorm, wlien several 
2 A 
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are united, tiie diseased part assiinu's an in‘e<,nilar outline, ^adly^ 
infested leaves turn yellow and fall to the g'roniul durinj^ the 
latter part of su miner, or early in the fall, 'frees very com- 
monly lose all their leaves in this maniioi’. U]>on the fruit, if 
the attack takes place after tlie quince is nearly grown, dark 
brown or nearly black sunken areas are formed, these being 
more or less thickly scattered over the surface, as shown in 
Fig. 83. If the (piiiice is affected while it is small, its shaj^e 

jiiay be much altered, for 
the flesh becomes cracked 
and corky in tlie diseased 
places. Such fruit is only 
too familiar to quince 
growers. rin‘ fungus also 
attacks pears. 

Tmitmcnt. The method 
of treating this disease has 
alreadv l)een mentioned 
under leaf blight of the 
pear. The two fruits are 
treated iu a similar man- 
ner, but the ap]»lications 
made ui>on the <juiiiee 
during the latter [>:irt of 
Jum^ and in July are the 
most important ones. 

Ripe Rot, See under 
Apim.k. 

Rust (Rif.<(eli<i anmufi- 
aexy I’k.). — I)esrni>(i<>n. 
This disease (Fig. 8l) “is 
very conspicuous U[>on the fruit, as it covers the injured ])ortion 
of the quince with an orange, fringe-like growth, 'fhe tube-like 
projections of the fungus contaiu niimerons spores, and when 
this .stage is apparent, the fruit is already irrevoeably mined. 
Sometimes the entire young fruit is involved, and it may die 
and fall; but more often the fruit hangs upon the tree, ami 
the diseased portion l)ee<jtnes dry, hard, hlaek, and sunken. 

. . . This rn.st fungus also |)(‘iM'trates the twigs, and oft<>n 
causes knots to appear, resemliliiig the hhick knot of the 



Fig. S3. — Quince <mai;kc<l Unrini; Uie lalter 
part <>f the season by fruit spot. 
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plum. ’ 1 The life history of this fungus is similar to that caus- 
ing the rust of apples, which see. 

Treatment. See under Apple. 

IxsEf'T Enemies. 

Borers. See under Apple. 

S lug . See u 1 1 de r C h k k e y. 



S4. — Yrninfj (jiiinces attacked by rust. 


Ins EOT 
Maggot. 


Enemies. 


KADISH. 


See under Caeuage. 


RASPBEIUIY. 

Anthracnose; Cane Rust {Gheo^mium neeu/er, E. & E.).— 
Desicriptinn. This fungus attachs tlie young canes of raspber- 
ries, !>laekherries, and dewberries. Tt appears during the latter 
part of June and during July, attacking the lower parts of the 

t Bailey, Cornell Agrk. Exp. Stu. 1S94, Dec. Bull. SO, 025, 626. 
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canes Hrst. The affected parts are circular but later oval in 
outline So), tlie central part is j;ray in color, and tliis is 
surrounded by a distinct purple rim. ddiese areas are sunken, 
and wlien several run tr>!4-ctlier tliey may cause the cracking of 
the cane, or even its death. 'I’he leaves are also attacked to a 
limited extent, but nith no such .serious results. When the 
fruit sterns are diseaseii, the heri'ies are frerpiently prevented 
from ripening, and eonseijueiil ly they dry up on the Inrshes. 

Tventimnt. An- 
tliracmrse lias not 
yet been very .sue- 
ctssfully treated. 
The best recom- 
mendations wliich 
can now be given 
ai'C to spray the 
hushes thoroughly 
with the copper sul- 
phate .solution lie- 
fore the buds swell 
in the spring, and 
to follow this by re- 
peated ami copious 
aiiplii'ations of the 
Hordeaux mixture 
at intervals of two 
wei*ks until tnid- 
siiiiiiiH'r. A clear 
fungicide may be necessury to avoitl staining tin* fruit. Kven 
this treatment may not Imhl tin- diM-ii.-'i- in eln-ek. In that i-ase 
f>erha]'S the best method to hdlow is to (Uit off' all growth close 
to the ground during the fall or .s[ii‘ing. ami then burn the canes. 
This means the loss of one year’s ci-op, but the souree of infec- 
tion would MO doubt ))(' sf> reducerl that but little dLsease sbould 
appear during the next few yi-ars. esjiecially if the bushes are 
also sprayed as above descrilied. Or tin* eiilire ]>hinfalion may 
be pulled uji and a new one, eumposrd of less susi-i'plilile vari- 
eties, may be si^t n[nm other land. 

Orange-rust; Red-rust (fV/o/eu linmixiinm, Ihnk). — Ihxc.np^ 
lion, Thi.s fungus Is found upon Idacklicrrics and raspberries. 




Ha^pherry. 

It possesses a perennial mycelium, so that when a plant Ls once 
infested it cannot be cured. The fungus has two forms which 
were formerly supposed to be distinct plants. One form is 
known as Puccinia Peckiana; it attacks the foliage, and pro- 
duces spores which genuiiiate in the fall or spring. The myce- 
lium enters ilie canes of tlie liost-plant, probably by means of 
the underground parts, and from there it spreads to the vari- 
ous brandies, 'i'lio copious protliictioii of orange-colored spores 
on tlie under side of tlie foliage of diseased plants is the result 
ot such infection. Tliis condition is preceded by an appear- 
ance wliich is easily recognized : tlie leaves are smaller, and 
they liave a pale green color which distinguishes them from 
the liealthy tissues. 

Treatment, d'lie only practical remedy yet known is to dig 
out ainl destroy affected plants as soon as they are discovered. 
Spraying the foliage witli a fungicide to prevent the entrance 
of the fungus into the leaves might be followed by good results. 

IXSK( T KnKMIKS, 

Cane-borer (Olierea himaculattu OV\y.). — Description. The 
mature iiisi^ct is a slender, black beetle about lialf an inch in 
length. During June it lays its eggs in the young shoots which 
grow troni the liase of the [dant. A row of punctures is made 
above and below tlie place in which the egg is inserted. The 
egg soon hatches and the grub begins to burrow downward. 
Uv autumn it lias readied tlie roots of tlie ^aiit. Tlie follow- 
ing spring the adults again appear. 

Treatment. J'he ]>un(‘turing of the young'eanes when the 
eggs an* laid causes the ti})s to wilt and on this account the 
artVetod slaiots are readily seen. They should lie cut off below 
tlie iujuied part, and destroyed. Tlie canes should also be 
watcli(‘il during late summer, and any wliich are found wilting 
sliouhl be cut out dose to tlie ground and burned. 

Sawfly; Raspberry-slug {Sehindria Rubi, . — Descrip- 

tion. Duiiiig May and early in June the raspberry sawfly may 
lie seen among Hie canes of these ]Jants. It is a black, four- 
winged fly, the abdon 11*11 being tinged with red. 'Fhe eggs are 
laid witliin tin* leaf, generally near the veins. Tlie larva* are at 
first nearly while, luit later they become dark green and are 
thickly covered with soft .spines of the same color. When 
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grown, the hu‘v^e are about lialf an incli in lengtli. They feed 
upon tlie foliage of the plants, aiul, if present in considerable 
numbers, the foliage iiiav be aliiiosl enlirrly devoured. During 
June the insect pupates, but the adult does not appear until the 
following spring. 

Treatment. Tlte slugs are readily destroyed by tlie arsenites, 
hellebore, or pyiethnun. lUit some applications must neces- 
sarily be made while the jdauts are iji hlo.s.som: tliis exposes 
bees to the action of the poisons, and large numbers of these 
insects are destroy-ed whenever enough jH)ison to kill the slugs 
is applied. Under such circiunstances it is a (piestion of killing 
the bees or tearing out tiie plants. Hand picking niighfc be 
practiced, and if carried on for a year or two would greatly 
reduce the nuinbeis the ]'»est. Kerosene emulsion iniglit also 
be tried, the blossoms being touched a.s little a.s possible. 

ROSK. 

Black Spot; Leaf Blight (Adlnnnema Fries). — Descrip- 
tion. During early summer the foliage of roses siillers from the 
attacks <>f a fungus whicli causes the format inn of irregular, 
black spots upon the np]H*r surface of tlie Icavps (Fig. 80). 
The spots eventually become nearly circular: tlieir edges are 
apparently fringed uitli delicate uhiti\ and later in tlie season 
the affected leaves turn yelhnv. ami fall to the ground; at tiiis 
time the spots he fully lialf an inch in diatmder. Roses 
grown indoors o/in the open ap]x.'ar to he egnallv affected. 

Treatment, i'lmgicides containing cofiper will idieck the dis- 
ea.se if tlic treatments are begun as soon as the buds open in 
spring, (dear solutions are to be prefeneil. Removing and 
destroying the affectefl leaves will also tend to le.ssen the 
trouble. 

Lea.i Spot (Cercospora ruseernln. Pass,). — Desrripfion. The 
spots formed by tliis fungus are dark red or nearly Itlack, the 
edges of tlie welklefined areas being mostly of a nnl color. 
The center clianges to a grayisli-hrown color as I lie sea.son 
advances. Duly those plants which grow out of doors are 
affected, the foliage being the part generally attacked. 

Treatment. The treatment described under Hlack Spot, 
above, is also recommended for this disease. 
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Mildew {Hplim'ofheca pannoan^ Lev,). — DfMription. This 
fmjgus attacks roses ■svliich arc grown under glass and also 
tliosa out of doors. It checks the growth of the young shoots, 
and causes the leaves to remain dwarfed and curled, the edges 



Fill. — niai’k i;|n»t ofrore:^. 


1 icing genera 11 V rolled downuYard. At the same time, a wdiite 
powdery growl h entirely covers tlm affected areas, and the 
plants soon b(‘Coine so weakened tliat tliey posses.s no practical 
value. Fig. *S7 represents a leaf partially affected. 

7 'rm iment. T"! i e treat n le 1 1 1 o f mi Ide w s aff ecti n g plan ts grow n 
under glass has already been discussed under Gree^j house 
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Pests. Many of the same remedies will also prove of value 
with plants grown in tlu? hordtu*, snlpiiur and the copper com- 
pounds being particularly reconuiiended. 



Fa.. ST. — Jitt.ick*.-*! hy inikjfw. 

Rose Phragmidium {PhnHfmul'nm Pries). — T)e- 

The .stems of roses .’^uffer severely from this fungus. 
The invcelinni i.s pu'ennial, anrl the atb'cted )>lace.s show irn*g>i' 
lar elevatefl areas on I he .stem (Pig. 'riiov are black in 

color, and consist of innumerable spores bortie nj>on slendrT 
filaments. In severe cases the di.sea.se d stein.s die. 
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Treatment. The treatment recommended asainst the rust 
Will also apply to tins disease. In addition, however, the 
adected stems' should he removed as soon as discovered.' 

Rust {Phriujuiulhm mHcroYidlum, Desvription. All 

the young green parts of tlie ro.se are subject to the attack.s of 



Kuj. SS. — Kftsc Phrairnildiiim. 


the rust fungus. It causes the formation, in early summer, of 
small re<ldisli-yell()\v spots which gradually increase in size as 
the sea.s(m advances. The steins freqinmtly become bent and 
twist e< I by the growth of the mycelium. During August, the 
cglor of tlio spots changes to dark red. In the fall, small dark 
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bodies are produced on tlte under side of tlie loiivcs; (liey con- 
litiji the spores which preserve tlie fungus tlirouj^h the winter. 

Treatment,. Tlie plants, and the soil al>out them, should be 
sprayed in early sprit)^ bef(U-e I’Tuwtli has commenced with the 
copjx3r sulphate solution. After tlie buds have burst the Bor- 
deaux mixture should be used, or some chsir fungicide which 
will not stain the leaves. ‘J'hese applications shouhl be contin- 
ued until niid.su miner at intervals of two or three weeks. Kakiiig 
and burning the leaves in the fall will also diminish tlie trouble. 

Inski r Knemies. 

Mealy-bug. See under GREFxrrorsE Pr.srs. 

Rose-chafer; Rose-beetle; Rose-bug ( 

Fabr.). — DeM^ription. The beetles ap[)ear. a.s a rule, early in 
,fnne. They are about half an incli in length and uf a yellowish- 
brown color, the legs being j'ale red. 'I'lie l>eetles fecj) for about 
a month after the time of their iii>t appearance. They dev<vPir 
nearly all kinds of foliage, and in .^unie localitit^s fruit planta- 
tions are annually almost ruined by llu'se ins(‘cts. Shortly In*- 
fore the disap[>eai'anc(‘ of tin* adults, the eggs are laid in the 
ground near the surface, d’ln* giaihs ftn>i| upon tin* rt^ots of 
various plants and in the fall tliey dt*soend )>elow the fi“ost lim? 
and there pass the winter. In the spring (h(*y asi'end to the, 
surface and jiuj>ate, the adult emerging a.s ahova; stated. 'I'here 
is hut one brood ea(,ji ye:ir. 

Treatment. No^/itisfactoiy remedii-s for (In* destruction of 
the ro.se-beetk kinovn. 'I’ln* in.seet can pi'rsjst only on 
sandy land, for lmavit*r soil previ‘nts the gi'uhs from descending 
to a proper depth. It i.s, therefore, only on sandy laml that tln^ 
pest is to l>e feared, 'I’lie following methods of e.xterminating 
the insect have been recommended, but iioiin are entirely satis- 
factory: “ Hand picking. Knocking off on sli(*et.s early in tlie 
morning. Bagging. Pyretlinim. Kerosene emulsion. Py- 
rethrokerosene emulsion. Kau cedeste. It is saifi to prefer 
Clinton grapes, spir(.'a,s rose-bushes, and magnolias, and it has 
been suggested tliat these plants he used as a decafV. Open 
vials of bisiilpliide <;f carlion Inuig in l>ii.sh(*.s and vines are 
recommended by some. Shidge-oil soap, a manufactur'd ma- 
terial. Spraying with dilute lime whitewaslj. Hot water, at 
a teriiperatore of 1^0° to l'iO° F. To prevent the in.seets from 
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br^^ediiig, keep the light lands — iu which they breed — under 
thorough ouKivation, and especially never seed them down.”i 
Rose Leaf-hopper [Typlikqihd linuce,., Uuvns), — Description. 
ddie.se insects are generally i’ound u[jon the under side of the 
leaves, but wlten disturbed they move or fly rapidly from place 
to \»lace, d'liey live upon the iuice.s of the plants, and are fre- 
fjueiitly .serious, d'he mature insect i.s less tlian a fourth of an 
inch in leiigtli ; its wing covers are nearly transparent, and the 
body is yellowisli-^hite. 'There are several broods. The af- 
fected leaves show irregular, white markings on their upper 
surface, and in this manner llie pre.sence of the pest may easily 
lie obser\'ed. 

Treat itieiit. d'iie same remedies mentioned under Currant 
GKKEN- i.RAF'iiuimKK liiuy also be employed against this insect. 

SHADE TUEKS; SHRUBS. 

^'here are many fungi and insects attacking other plants 
tliau those mentioned individually in this work, but it is 
scarcelv practicable to describe eacli in detail. The reader is 
referred to Cliaptt'r VI., hi whieii general directions will be 
ffuiml; it is hoped these will serve a.s guides in the treatnieut 
of any trouble which it is desired to overcome. 


SPINACH. 

Anthracnose (Cullelolrlrhuni Sphniren’, K. Descrlptiofi. 

The. alYected parts are generally circular in form; they soon 
pnxluce brown pustules, ami tlie color of the s|x>t gradually 
elianges to grav. 'flic fungus spread.s with great iapidit\, 
attacking tlie old and the yming leaves indiscriininately. 

Mildew (iVro/xi.vp^irfi clfusa. Rabenb.). — Description. Spin- 
ach grown under glass is ti'i'qneiilly attac'ked by this fungus. 
The^Iiseasml foliage shows -gray, slightly violet patches of a 
velvidy texture upon ilie under side of the leaves, w idle ft om 
llie upper side they have a pale yellow shade due to the loss of 
tlie green color.”-' Dr. liable, I lias also described three other 
fungous diiseascs of spinacfi, vi/. black tnold, leaf blight, and 

* |{jiil*‘y, Ihrl'n'iitfnrint'i* linle Bootc, JSP 5 . ^ 2 . 

* llalst'od, .V, J. Ayrie. t>i,. Ata. IslUi, July, Bull. TO, 5, 
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white smut, and the reader is referred to the bulletin mentione<l 
below for detailed dt‘seriptions. 

Treutment. All s[iuiaeh diseases are controlled with diflicnlty, 
since the parts attacked by the eiow quickly, and they 

are then used as food. I'un^icides \\(nild niid(iubl»*dly [uevent 
the entrance of the [»arasiles, hut the inarket value of the crop 
would be lessened to such an extent tliat the a[>[)licatii)ns can 
scarcely be advised. 'I’he jdants might bo sprayed with dilute 
solutions of clear fungicides. Init coiiiparativ^dy little has as yet 
l^eeu done in this direction. 'I’he destruction of all infested 
leaves or plants appears to be the most advisable i>roccdure. 

SQrASIt. 

FuxGors Diseasks. 

Powdery Mildew. See under Muskmelox. 

Insect Knemies. 

See under Ci'CfMtiER. 

STHAWnERRY. 

Leaf Blight; Rust; Sunburn /Vuz/a/vV,, Sacc.).— 

7 A>’cr//(f/o/i. 'i’he foliage of strawberrii's is subject to the 
attacks of a fungus wliich may appretr at any time during the 
growing season. 'I'he tiisl symptom (d tlic d islets*' is the for- 
mation of small pf^jth* spots ^^ hich gradually increase in si/.e 
until thev arx i^^m an lughtli to a qiiai'ter of an incli in 
diameter (Eig- ^h). 'Mie pui pli* c(j1o 1' is eaidy rephu‘**d by a 
clear, reddisli-brown, which bocotiu s of a still lighter shatle as 
the season advances; tin; edges (>t the s]>ots. iinwever, generally 
retiiain ])urple. Ihnlly infesteil leaves turn dark and are ol no 
value, d lie fnngiis jias-'es the winter by means of spores, and 
bv mvcelinm cont;iined within the h uves. d liis diseas<! is tie- 
quentlv very M-rions. espeeiidly upon certain varieties. 

Tr^nUrmut, Sjiraying the plants svith the Rordeaiix mixture 
will clieck the Ijoidde. A])plicat ions slnuild he begun as soon 
as growth starts in spring, am! iioti-betiring plants may l>c 
treated tlnoitgliont the summer, tin* treat iiients being ma<le 
at intervals of tbree or four weeks. Reaiing plantations will 
derive beiieht front a trcalmimt itiaile wlicn gruwtli starts in 
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tlie sprinp:, and from anotlier made when the first blossoms 
open. After liiirvestin<r the fruit, it is a good plan to mow oft' 
tlie old foliage, tlurn to remove and destroy it. Burning the 
strawlM-rry ])ateh over is frecpieiitly followed hy bad results. 
I'he new growth slioiild then he spiayed at ijitervals of three 
or four weeks utilil two or three applications have been made. 

Mildew {Siiho'vothern VdsUufnci, \ Aw). — Description, 'J’his 
fungus grows on the berries, and also on the surface of the 



straw! terry leaves, during the summer. It covers them with 
a thin net of inyeelinm which resemiiles delicate cobweb. 
Alfreted leaves curl :ind app<‘ar as if suffering from want of 
water (Fig. !M)). ’Pin' disease is rarely serious. 

Treafmeut. U'lnui tin' mala<ly is tirst seen, spray the plants 
with a fungicide containing coj>]H?r. S\ilpliur, if scattered upon 
the le;ives uini Itelween lli(‘ jdants, is also said to check the 
disease, since Ihe heat uf the sun at tliis season of tlie year is 
sulliciently gnait to cause fumes to be givim off' freely. 
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Insect Enemies. 

Leaf-roller comi)!unu, Frol.). — Description. The 

adult insect is a small, brown niotb measuring about half an 
inch across tlie wings. It appears in early spring ami lays its 
eggs upon the leaves of the strawberry, although the raspberry 
and blackberry are rarely affected. The larva' are greenish 
brown, and when full grown, nearly half an incli in length, hut 
rather slender. They mature in June after having spun a web 
which can.ses the familiar rolling upward of the leaflets. 'I’he 
soft tissue of the leaf is eaten, ami wliat remains turns red<lish 
brown, giving the plant a burned a]>i>earam'e. 'rhere are two 
broods in the North, the winter l)eing passed in tlie pu]>al stage. 

Treatment. S[)ray the plants «luring .\ngust, wlien the second 
brood of larvic uppeai-s, with an insect iciih' such as FarLs green 
or London purple. Two a])pli('atii)!is may be required. Or tlie 
foliage may be cut ami buriieil. for the first brood pn)>ates in 
the rolled leaf, and in tliLs manner it may be practically e^^^ 
ininated. ^ 

Sawfly; Slug {Emphijlus maruhitns, Norton). — Description. 

The four-wiiigeil riy appears in spring, and <le]^)sits it.s egg.s 
within the ti.>sues of the leaf or ■.(eiu. Tlie larvie liatch in a 
short time and feed npnn the gnawing small, cireniar 

holes at tirst like those eatmi out of ciirraiit and gooselierry 
leave.s l>v young cnr.ant-wonns, d'iiev <levei(,[) in fne or six 
weeks into pale ^'im worms iiboiit tiiree-foiirlbs of an inch 
long. Tiie larva,' m>w go sliglilly lieiii'alii the surface, where 
they form Co^,^■‘lS witliin wliir'h they cliangi- ttj the pupa state, 
and later emerge as tlii's.. In the southern .state.s tliere are two 
brood.s eacii sea.son, wiiile at the Notih there, appuirs to be but 

otie.”i 

Trpntmenf. Hum the foliagf' as soon as tlic crop is harvesteil, 
or ,^pi■av witli hellebore or Paris gK'eti before tlierc is danger of 
poisoning the fruit, Platits which are md bearing may be 
spraved with an ai’^enite when tlie worms tir.st a])i»,'ar, and 
again later if neccs>ai v. 

Tarnished Plant-bug ( fjjijns pralensis, Linn.). — Ih ^rriplinu. 
This bug is about om'-fourlli of an itiel) in length. It is very 
variable in color, some being dark yellow, and otliers nearly 


Weed, " IfiicL'ts utid [iisojliride*,'’ 
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black. The adult hibernates during the winter, but in the 
spring it sucks the juice of the growing plants, preferring to 
oidaiu it from the young fruits, which are in consequence 
dwarfed. Eggs are laid early in spring, and soon both adult 


fio, 90, — Strawberry leaf curled by the mOdew. 



and immature forms may be found. A great many species of 
plants suffer later in the season, and as there are from two to 
four broods each year, imich injury may be done. 

TrmUnent. Pyretlinnu powder dusted freely iqx)n affected 
plants will destroy the insects; this is probably the best rem- 
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etly. Kerosene enuilsioii is also effective, but there is danger of 
tainting the fruit, 

SWEET POTATO, 

FrxGOus Diseases. 

Black Rot E. & IT,). — Dr^'rlption. 

The fungus causes large, greenish-black patclies to ap[n’ar upon 
the tubers; the dark color eventually extends deeply into tlie 
potato, entirely ruining it. Tlie disease may attack the young 
plants in the .seed beds, the infection coining either from t lie- 
soil or from unhealthy tuhers, Wlum the young sj)routs are 
affected, the steins near the ground become discolored by dark 
line.s or blotches, and the lower leaves frequently suffer in tlie 
same manner. The shoots frequently die beyond the point of 
attack. 

'freutment. The use of unaffected potatoes for producing tlie 
sets is e.ssential, No diseased sprouts sboubl be ]danteil, ainbqf 
I>ossible, lainl that is free from the fungus should be used lor 
the crop. Spraying witli copper couquiunds may materially 
assist in checking the truul)le in the lield, and soaking the 
tul>ers a short time in the ammoniacal carbonate of copier 
before storing them may pn-veiit its spread in the hins. 

Leaf Spot {Phff!lo.ai('(‘i E. and M.). — /VscW/iZ/mm. 

Sweet-putato foliage .'cKacketl hy tliis ilisease ilies at tin; points 
of infection, the d^id jxutions turning nearly white. 'Tlu’ 
]>lant.s may suffer severely from the disease, the yield being 
correspondingl^ednced. 

TiCo/weut. 8]>ray with the Bordeaux mixture at the first 
appearance of the fmigns. 

White Mold; Leaf Mold (Cf/stapua Ipf)7nfr(r-p/infhirfnw\ Farl.). 
— Lksaiptimi. This fungus causes thf; leaves to turn brown, 
theokler ont^s Udiig )>articnlarly affectrd. Small whiti* patches 
also apjiear on tlie under side of tlie discolored areas. 

Tfmtmefit. Spraying the vines with a good fungicide will 
probably prove valuable in checking the disease. 

Insect K.vkmies. 

Sawfly (.ScAuwenw ebenm^ Norton; S. prirntus, Norton). — 
Description, 'i'hese two sawflies are not, as a rule, very seri- 
ous, but occasionally they develop in sufficient numbers to do 
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considerable damage. The larvae appear during the summer, 
and feed upon the foliage. 

Tmilment, The .same treatment recommended for the de- 
struction of the currant sawfly will also destroy these insects. 
The applications, however, need not begin until the young 
larva? are noticed, but they should he repeated as required 
during the summer. 

Tortoise Beetles; Golden Bugs {Casmla), — Description. The 
insects iiilx^rnate in tlie adult state. They attack the young 
potato vines during May and June, eating irregular holes in 
the foliage. Kggs arc laid, and during June and July the 
larva? appear. At this time tlie vines are growing so fast that 
the insects do comparatively little injui’y. The adults appear 
again during July ami August, but no eggs seem to be laid 
until the following spring. 

Trentment, Professor J. H. Smith recommends the use of 
l\tris green or l.ondon purple at tlie rate of 1 pound to 175 
gallons of water. The aiiplieation should be made as soon as 
injnrv i.s notiaul, both sides of the leaves receiving treatment. 
Tlie vines slioiild be treated again if the first application does 
not prove elTective. 


SYCAMORE. V 

\ 

Leaf Blight {CiUrnsporimn h.icc.). — Description, 

Roth the native ami the foreign spccie.s uf plane trees are sub- 
ject to the attack.s of a fungus wliicli causes the leaves to appear 
as if senrclnul. ’Plie disease di^velojvs so early in the season 
that the injury caused by it is often ascribed to frost. Entire 
trees are frequently discolored by tin? abundance of brown leaf 
.surface, and althoiigli this h>rm of the disease is present only 
.about two moiiflis, still tives have been killed by the repeated 
attacks of the fungus. Diseased leaves often fall. 

Trmbnent, d'lie severity of the attiick.s can undoubtedly be 
(liminishml liy sjirayiug with fungicides as soon as the leaves 
unfold in spring, n?pe:itiiig the operiition so that all new growths 
may be protected. lint such a]q>li cat ions can only be made to 
sinallev trees, and whim they are impracticable a]n‘obable help 
in cliecking the malady is to burn all affected leaves that fall 
fro in tlie trees. 
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TOBACCO. 

IXSEOT KnEMIES. 

Tobacco worm (PhleiiethonUHs. Ciiniliiuu Cinn.). — Description. 
The inotli closely resembles tlie tuuiuto worm as regaiils color 
and habits. Tliere are two broods in the South, ami it is here 
that much injury is done to the tobacco plantations through 
the ravenous ap|>etite of the worms. 

Treatment. The destruction of the iiisect Ijy means of the 
arsenites ap^'h^U's to be the most feasible method, 'riie follow- 
ing practice appears to be safe and etheieiit To those who 
wish to use poison 1 would advise the use of (a) Baris green, 

\ pound in a forty-gal li>n barrel of water, with a little white- 
wash well stirred in. (h) That the mixture l>e ke])t well stirred 
in the barrel and sprayer, (r) 'Diat a)>[ilications should laygin 
by the tenth of June and b»* re[Mmted eveiw two weeks l>y t^^ip- 
ping, and that no appliedtioiis .'ilntuh! he ma/le after that time." 
Hand picking may also be resorted to. 

TOMATO. 

Fi’Numi’is Disk ASKS. 

Blight (('Imlospitriuin falrii/n. Cooke). — De.'icription. Af- 
fected leaves first OiAv ilark-brnwii sputs on the under sid<*. 
The upt^^r surface af the same time turns yellow ami tin; miges 
of the leaves curl downward, as a rule. .\s tlie disease jiro- 
gresses, the fnS’ige slirivels and eventually dies, leaving tlie 
naked steins, d'lie fungus is found hoth in greenhouses and 
out of doors. 

Treatment. For the treatment of the blight wlien found 
upon plants grown nmler glass, see Cukknuoksk I’ksts. When 
the fungus appears out of (hiors. the plants should iminedialely 
be thoroughly sprayefl witli the Bordeaux mixture, or modified 
eau celeste, rejn'ating the treatment at intervals of ten days or 
two weeks, until no further infection is feared. 

Rot {Mncro:(pt>rinm Tomatn. Cooke). — Deurriptinn. Tllis 
fungus generally attacks the tomatoes wlien they are ovit one- 
half grown. The hlossmn end is attacked, tin* aj>|Kuirance of a 
small black spot being the first indication of I he dLsea.st*. This 

1 Ky, Agric. Efj>. Sta. Hull, tiH, 139 . 
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s^t increases in size until fully half of the tomato is destroyed. 
1 lie diseased pint is blaclc and suiikeiij and generally extends 
squarely across the tomato from side to side (Ing. 91). The 
warm moist weather of summer appears to be particularly 
favorable to the development of this parasite. 

Treaiment Very thorough spraying with the Bordeaux mix- 
tore, or other coppei- compound, is perhaps the best preventive. 
If jiossible, a dry location slum Id be selected for growing the 
plants, and the stems should be kept free from the ground. 



Two oilier serious diseases of the tomato ar? also known, but 
as tliey are probably caiistMi by bacteria, no remedies can as yet 
be iiame<l. It is probable tliat one of these organisms is the 
first cause t»f the rotting of tomatoes above described. 
iNsm r Bnkmiks. 

Tomato Worm Cffeiis, nbu.). — Description, 

The larviu of this moth are fully tliree inches in length when 
grown. 'Phev are of a gr(‘(m color, but have a few nearly white 
markings on each side of tlie body, d'iiey devour an enormous 
amount of foliage, and can be discovered by the bare places 
among the plants. Early in September the larva' enter the 
ground t(t pupale, and here they remain imtil the following 
summer, when (he moths ajipeiir. 'I’liese belong to the Sphinx 
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family, and they are beautifully and delicately marked. They 
fly mostly in the eveniuj?. The ground color is a soft gray, but 
there are various markings of a darker color, some red or 
reddisli'hrown parts being present. 

Treatment. Hand picking is the most common method of 
destroying the larvte, but any of the poisons in use against 
chewing insects would answer the purpose as well. 


Insect Enemies. 

Maggot. See under Cakuage. 


VEKBEXA. 

Fungous Diseases. 

Mildew; Vixist {Enjsiphe Ckhoraeenrnm., DC., or Oidium ery^ 
siphoidts, Fr.). See luidcr Cucumueu. 



Fungous Diseases, 

Mildew. Si,!e under Pansy. 

Rust ; Spot ; Violet Disease 
((’errosj/oni I’/o/rr, Sacc.). — All 
V inlet glowers are familiar 
\sitli tlii.s disease (Fig. All), 
which causes (he formation 
ujinii violet foliage of small, 
circular, grayish - white spots 
having a dark center. The 
first a]i[H‘arance of the <lisea,se 
may occur during summer, 
while the plants are in the 
o[K‘n ground. Dr it may not 
be visible until late in win- 
ter. SuiToiiiiding conditions 
a]ipear to have a strong influ- 
ence in tlie <levcloptiicnt of the 
F I' i. 02,-- Vl'ilc-l d e. - ,,, i i t 

fungus. I on much heat, rare- 
lesHne.Hs in watering, fresh stable man n re, and improjM’r ven- 
tilation have all been atlvanced as immeiliate causes of tbo 
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appearance of the diseasje. Much truth undoubtedly lies in 
these statements, and the requirements of the plants should be 
thoro uglily understood by all who attempt to grow the crop. 

Trentment. Give good culture. If the disease persists, spray 
the plants with a good fungicide, as the Bordeaux mixture, 
making the first application as soon as the disease appears, 
ami repeating it at intervals of two to four weeks. Destroy 
affected leaves and plants. 

WATKHMELON, 
ruxooi's Diskasks. 

Anthracnose. — I'his disease may be identical with the an- 
thraciiose of the Bkan, which see. 

Powdery Mildew. See under Musk:uelox. 


WEIGELTA. 

Insk<t Enemies. 

Four-lined Leaf-hug. See under Currant. 

WHEAT. 

Er.Ndors Diseases. 

Stiuking Smut (Tilhtia dc/ci/.s Schroet. ; and T. Tntici 
^Vint.). — I)f;irrlj}lin}i. 'I'liis disease the wheat kernels 

to hecoitie swollen ;is they approach niuturity. They are at 
tirst gre«>n in color, but later turn grayishduown. If a kernel 
is ciuslied. it will he found to be tilled wit)^ a brown powder 
]Ktssessiiig a vtuy tlisagreeable odor; this has been the cause of 
the po]>ul:ir name of tlie tlisease. 

Tirdtimnit. See umler Oa is. 

Loose Smut ( rsfilo</o I'ritiri, Description. This 

disease closely resembles the loose smut of oats. Unfortunately, 
no ]>ractical remedies are as ytd known. 


WILLOW. 

Insect Enemies. 

Willow-worm; Antiopa Butterfly {Vnnessa Anfiopa, Linn.). 
— Description, d'lie adult insect hibernates during the winter. 
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It is a butterfly whose wings are “purplish brown above, with a 
broad buff-yellow’ margin, near the inner edge Tof which there 
is a row of pale blue spots. Expands from three to tliree and 
a quarter inches.”^ Tlie eggs are laid early in spring upon 
willow, poplar, and elm trees, the young larvae appearing early 
in June. When full grown the larvjn are nearly tw'o inches in 
length ; the ground color is black, but it is relieved by spots 
of white and red. During June the larv.T pupate, the adult 
appearing early in July. 'There are two broods each year, tlie 
larvie of the second apj^earing in August. 

Treatment. The caterpillars are voracious feeders, and they 
may be destroyed by arsenical poisons. 

* Hurls, "Insects of Mass, Injurious to Vegetation," 1841, 218L 
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A. LAWS RP^GARDING THK SPRAYING OF PLANTS. 

Many of tho orjraiiisms which attack cultivated plaiita have 
become so alnindaEit and serious in certain localities that com- 
munities have taken measures to check the spread of existing 
parasites, and also to prevent tlie introductions of different ones 
which occur in otluu’ localities. A few States have passed quar- 
antine laws with this end in view, all nursery stock being rigidly 
examined, and treated if necessary, before its passage into the 
State is alto^Ye<l. The exportation of trees, etc., from very re- 
stricted areas within certain States has also been forbidden. 
The suppression of insect and fungous diseases is thus rapidly 
increasing in importance, and laws aiming at their extermina- 
tion are being more and more frequently pissed. Several of 
these consider the sjtraving of jdants, and below will be found 
the leading points concerning tliese acts. 

Camforxia has been a pioneer in legislating against plant 
disease.s. On March I t, l^Sl, there was approved ‘^An Act 
to Protect and Promote the Horticultural Interests of the 
State.” It was annmdetl 1)V an act approved March 19, 1889, 
and bv an act approved March dl, ISOl. Section 1 states: 
“ Wl nmever a ])etition is presented to the Board of Supervisors 
of any coimty, ami signed by twenty-live or more persons who 
are resident freeholders and possessors of an orchard, or both, 
stating that certain or iill orchards or nurseries, or trees of any 
variety are infeste(l with scale insects of any kind injurious to 
fruit, fruit trees, and vines, codlin-moth, or other insects that 
are destructive to trees, ami praying that a coiumissiou be 
375 
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appointed by them, whose duty it sl\all be to supervise tliei! 
destruction as liereiii providoil, the board of Supervisors shall, 
within twenty days thereafter, select tlirce coiiiinissioncrs fur 
the county to he known as a ‘ County Hoard of Horticultural 
Coiniiiissioriers.’ . . [Statutes of Cal iforjiia, IStS!), did.] 

Tt is the duty of the County Hoard to cause the iu.spectiou of 
all plantations and buildings in wliieh the presence of injurious 
insects or fungi is feared. If such are found, a notice is served 
upon the proper individuals, and it then becomes incinnbent 
upon the latter to destroy the pest. In case this is not done 
within a certain period, tlie Hoard is compelled to assume the 
work, the expenses being ultimately drawn from the owners of 
the proiierty. An t'xeellent feature of tlie above taw is tliat all 
orticials are ntiairtd to eiifuioe its [*rovlsions, as is distinetly 
stated. The mere granting of power to act in a certain man* 
ner has l>een fatal to the enforcement of other laws of this 
nature. 

Several counties have availed the in selves (d the benefits to be 
derived from tlie sibove acts, and liave passed ordinances sniteil 
to their needs. In tliirty-four counties possessed llurti- 
cultural Quarantine Ciiardians.” 

Cax.ad.v possesses a law whicli pndiihits spraying fruit trees 
while in bloom willi any substance injurious to ln‘t*s. The act 
was passf^l in ami reads as follows; 

"1. Xo [)er>oii ill ,s])raying or sprinkling fruit trffs during 
the period within wliich such tret‘s are in full bloom shall um*, 
or cause to becisiMl. any mixtnro eontaining I’aris green or any 
otlier j'Miisonuus substance iujtirinns to l)et's. 

"'1. Any person contravening the prmi>i(ms of this .\cl, 
sltall on suininarv coiiviiUioii thereof liefore a justice of the, 
[>oace. hff snbjiM't to a jienalty of not less than •‘^l.lM) or more 
lliaii svilli or without costs of prosecution, and in ca.se of 

a fine or a fine and t'osts l)ei)ig awaidisl. and (d tlie same not 
Udng upon eonvietioii forthwith paid, the justiis* may commit 
the otYeiider to the common gaol, there to bi* iiiipri.>oned for any 
term not ex<’eediiig thirty days unless the fine ami costs are 
sooner paiil. 

“d. This .\rt sliall not come intti force until the first day of 
January, b'lhg.” 
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This law scarcely appears necessary, as all our fruits may be 
amply protected without treating them during the blossoming 
period ; and, bees unquestionably suffer if such applications 
are made. 

The Massachusetts legislature, on March 11, 1890, approved 
an act whereby the Governor was “ authorized to appoint a 
commission to provide and carry into execution all possible and 
reasonable measures to prevent the spreading, and secure the 
extermination of the Ocneria dlspar or gypsy moth, in this 
Commonwealth.” Three commissioners were appointed, and 
work was begun April 1st. 

In 1891, by an act approved April 17th, the entire work 
came under the control of the State Hoard of Agriculture. 
Spraying with Tar is green was one of the methods adopted for 
tlie extermimition of tlie insect. “ When the caterpillars ap- 
peared, spraying was coininenced with a large force of men and 
teams equipped with hogsheads of Paris green and water, 
pumps, hose, ladders, oil suits, etc. — an extensive and expen- 
sive outfit.” * Tlie reincily proved to be only partially success- 
ful, however, as it was ex]>ensive, and it met the oi)position of 
property owners. Tlie large size of many of the plants also 
prevented proj>er ajqilications from being made, so that the 
treatments have since met with little favor. 

/ 

/ . ' . 

!Michi(JA\ pas.sed a compulsory spraying law early in 1895. 
It is entitled, “ An Act to Prevent the Spreading of Rush, Vine, 
and Fruit 'Free Pests, such as Canker Worms aml^Other Insects, 
ami Fuiigmis and Contagious Diseases, and to Provide for their 
Extirpation.” 

Tlie more important features of the law are here outlined: 

“Sr^clinn 1. Tlie ^leople of the state of Michigan enact that 
it .shall W the duty of (n’ery owner, possessor, or occupier of 
an orcliard, nursmy, or vim*yard, or of land where fruit trees or 
vines are grown, within this state, to spray witli a poisonous 
solution or disinfectant of sufficient strength to destroy such 
iniuriouH insects or contagious diseases, all fruit trees or vines 
grown on such lands wliich may lie inft*st<’d with any injurious 
insects or worms, or infected w ith any contagious disease known 

> Special Jlepurl iff the .Vae*/. Shiie Hd, of Aijric. J&n. 1S9-2, 7. 
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to be injurious to fruit or fruit trees or vines: Promkd^ That 
no such spraying shal) he done while said fruit trees or vines 
are in blossom, except in case of caiikev-worins. 

“Section 2. In any townsliip in this state where such inju- 
rious insects or contagious diseases are knewu to exists or in 
which there is good reason to indieve they exist, or danger may 
be justly apprehended of tiieir iutrodnetion, it shall be the duty 
of the township board, upon tlu^ petition of at least ten free- 
holders of such township, to :ipi>oiut forthwith three eompetent 
freeholders of said township, as commissioners, who shall hold 
office during the pleasure of the hoanl, and such order of aj>- 
poiutinent and of revocation sliall be entered at large upon the 
township record. Provided, That in townships hav ing a lM)ard 
of yellows coinmUsioiiers. such connnis.sioners shall be ex officio 
commissioners under this act.” 

It is the duty of the coniinissioners to notify owners of plan- 
tations of the presence of any injurious parasite, it being un- 
necessary that a complaint In; tirst made by any one. 

“Section-). Wlienever any person sh;ill refuse or neglect to 
comply witli the order to spray or disinfect the (nehards or 
vineyard de.siguated by the coiumissioners, us aforesaid, it 
siiall Ijeconie tlie duty of the coiiiiiilssioiit’r.s localise said trees 
or vines to be effectually sprayed with :i poisimons solution, or 
disinfected, as occasion slionhl reipiire, forthwith, i*m]>loving 
all necessary aiiNfor that purposi*. and the expnises for tlie 
same shall be a charge against tlie townsliip; ami for said 
spraying or disiiitVcliiig. the said comini>sioners, their agents 
or workimoi, s^iall havt; the right ami po^er to enter upon any 
and all [uvinises within tlehr township, 

“S^'Ction tJ. If any o\Mim\ to\vii>l)ip offii'er, or commissioner, 
jiegleet> iir refuses to coin|>ly with lie* P'(|iiin*ineiits of this law 
as .'^et forth in tln^ jueeeding soctimis. and within the time 
therein speeitieil, such jhtsotis shall b*- dreim d guilty of a mis* 
demeanor, and [lunishi'd l)y tinr not oxceeiliiig fifty dollars or 
ini[)risomneiit in tle^ county jail not ^xt-i'i-ding sixtv ilays, or 
by both .sucli tine ami iinprisonim-nt. in th*’ discretion •)f the 
court; and any jnstii-c of tin- piaei* of tin* townsliip where 
such trees or vines may bo growing sliall have, jurisdiction 
thereof.” 

The act was ordered to take immeiliate effect. 
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OiiKGOX has followed the example of California, for on Fel>- 
ruary ‘Jo, 188!l, the legislature a];)pvoved “ An Act to Create a 
State Board of Horticulture and Appropriate Money Therefor.” 
It was amended February 21, 18tJl, and again in February, 1895. 
After dwelling upon the fornnition of a “Board of Ilorticul* 
ture,” and other details of organization, etc., some of the powers 
of the board are .stated as follows : 

“Section VI. For the })urpose of preventing the iidrodiiction 
into the State, or sjnead of contagious diseases, insect pests, or 
fungous growth among fruit or fruit trees, and for the preven- 
tion, treatment, cure, and extirpation of fruit pests, and diseases 
of fruit atnl fruit trees, and for the disinfection of grafts, cions, 
orchurtl deluds, frnit boxes and packages, and other material or 
transportable articles dangerous to orchards, fruit or fruit trees, 
said Board may make regulations for tlie ([uarantining, inspec- 
tion, and disinfection thereof, which said regulations shall be 
circulated by tlie Ikaird iu printed form among the fruit grow- 
ers and fruit dealers of the State, shall l)e published at least four 
.successive tinu's in s<nne daily or weekly pa])er in each county 
in the State, before the same shall be iu force therein, and shall 
be ])osted in three conspicuous places in each comity in the 
State, one of which shall be at the County Court House. 
Siicli regulations, when so promulgated, shall be held to im- 
port notice uf tlieir contents to all persons .vithin the .State, 
and shall l)e Inndiiig njion all peu’sons therein. A wilful vio- 
lation of any ipiarantine or otlnu* regulation of said Board, 
necessary to prcvmit tlie introduction into the State, or the 
shipment sale or distrilnition of any articles so'Vufected as to 
be dangerous to the fruit, growing interest of the 8tate, orthe 
s['r(‘ail (d’ daiigeious diseases among fruit trees or orchards, 
shall be <leeiucd a misdemeanor, ami on conviction thereof, 
shall be punislied by a tine ti{ not less than Hve, nor more than 
one hundred dollars, fur each otfense. or by tine and imprison- 
ineni for not h‘ss llnm tivi^ nor more tlian tliirty days.” 

When the Board iKTomes aware of the presence of injurious 
insects or fungi upon certain premi.'^es, the owner is to be noti- 
fted. 

‘'.Such notice shall coiilain directions for the application of 
some treatment apjuaocd by tlie Commissioners for the eradica- 
tion or destruction of said pests, or the eggs or larvx' thereof, or 
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the treatment of contagious diseases or fungous growths. Any 
and all such places, orcliards, nurseries, trees, plants, shrubs, 
vegetables, vines, fruit, or articles thus infested are hereby 
declared to be a public nuisance. .Vml whenever any such 
nuisance shall exist at any place in tlie State' on the proj>erty of 
any owner or owners, uixni whom or upon the person in charge 
or possession of whose pro]>erly, notice has been served a.s afore- 
said, and wlio shall liave failed or refused to abate tlie same 
within the time specitieil in sucli notice, or on the property of 
any non-resident or any ju'operty not in the possession of any 
person and the owner or owners of which cannot be found l)y 
the resident member of the Board or the vSecretary, after diligent 
search within the district, it shall be tlie duty of tlie Board, or 
tlie members tliereof in wliost* district said nuisance shall exist, 
or tlie Secretary under bis or tlieir direction, to cause such 
nuisance to be at once al>ated. by eradicating or de.stroying said 
insects or pests, or their eggs or larvie, or hy treating or disin- 
fecting the infested or diseased articles. The expense thereof 
shall be a County charge, and tlie Comity court shall allow and 
pay the same out of the general fund of the County.” 

Utah jxissesses a law wliicli might Ite of considerable value. 
It was approved March bsnt, and is known as 

” An Act Authorizing the County (’oiirts to Appoint Kruit 
Tree TtispK’ctors and to Provide for the Destruction of Fruit 
Destroying Insects.” 

Its tlirectioiis are s{>ecifle. and so cmnplete that if the county 
probate judg<^ 'ivrform their duty ])roi>erly, the plants .sliotild 
remain very free from parasites. The following extract shows 
to what extent details are mentioned : 

** S»^ctiou 1. It shall be the duty of the county court of any 
county in the 'ferritorv of ITah where fruit is grown, to appoint 
one or more fruit tree iiis[K*ctors for such county. 

“Sec. ' 1 . Tlie duty of the fruit tree ins]>ector of each county 
shall be to inRf>ect every ortdiarrl, vin»*y:ircl or nursery in such 
county at such time and under such regulations as the county 
court shall prescrilw. lie shall annually report tf) the county 
court every item of interest ami the result of his labors pertain- 
ing to the duties of his office. 

“Sec. 3. It shall be the duty of the Probate Judge of any 
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county wherein fruit trees are growing, to annually issue his 
proclamation, stating tlic time or times when it is prudent and 
proper to spray fruit trees ami to otlierwise disinfect orchards 
that are inh^sted with any kind of fruit-destroying insects, in 
wliioh lift shall name two or more formulas that have been used 
ami approved for such purposes/' 

Ami further : 

“ Sec. 0. Tlie county court is hereby authorized and required 
to yu'ovule for the publication rif tlic proclamation required by 
section d, and to fonmilate siicli ruh's and ri'gnlations as it may 
<leem ]U'ojt(.‘r, to govern tlic actions of tlie fruit tree inspector in 
his duties, ami to giv(^ such public notice as it may deem proper 
in relation to the disinfeel iiig of storerooms, warehouses and 
salesrooms wlien,' fruils in either a green or dried state may be 
stored, liamlled or offered for sale.” 

On March s, Is!i5, a proclamation issued bv the probate 
judge of Saiijiete ('oinily eont aim'd directions for spraying 
i>ear, pi'ach, and plum trees, the time for making the 
applications as well as tin* materials to Ix' used lieing stated. 

An impiiry was nnule to learn of tlie success attending the 
enforcement, of the terms of the ])rnclamation, and of the gen- 
eral <‘ffecliveness of the ae( as pa.ssed hy the legislature. Mr. 
Joseph Judd, the probate judge of Sanpete County, replied as 
follows : 

“ In .'irew cr to vniir (ni llir 'iilijri't "f <iiir liiws. will miv we liiive 

till' l.iw .“l.'initi’ luMik. ;itnl il \s:i' ciif'irccrl i)i It 5i;is Ueeit currieif out 

V this \ » ;ii‘ uu'l "<■ havr I’oiimt ;:(iciil ti'sulls dfliie siirio int:. There 
is ti'Mliiiiht ’-[iruyiiK/ o alisrpliitilv ix i .-ssarv in tlu se ,h-y elyiiatos, atid I con- 
siih-r if a V( r\ law, Uiit 1 liave - ihnitiletl its enil^M^iliiiniility, as 

it hanlly l<>ok^ p axuiahle that tlie lao can f.it a i.ervKii iu-i hcnv arid wlien bo shall 
s[ir!iv or otherwise treat hi-, orehanl, ami iiilliet a |ieiia]ty il'llK' law is Hot complied 
'tilli. 

“Scune nf mir people have rerux'd tc* eoniply in full, of as to when they shall 
spray, and \ee have just liad a rutin;: o[i the law hy mir chic f jiistie»‘ Merritt. He 
do-lares the law uiieonstitiilioniil, and IV-uii this time oil I think that .spraying will 
licit he* clone So j;,'nei‘ally 

M’illi sneli a iirceedetib it a]>pears dtmhtful if laws designed 
tt) control spraying m ill ever becunie j^ctpular. 
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Appendix. 


B, :metric system. 

Tlie meter is tlie primary unit of length. It is equal to 
T 3 ooV 5 (Ji)th part of the distance measured pu a meridian of 
the earth from tlie equator to the pule, and etjuaU about 39.37 
inches. 


Me.ysvkes oe Lksoth. 

KyriVALENTS. 

Mvriametor 

10,000 meters 

O.'.MST miles 


1,000 

\ 0,C“.ilS7 mile, or 



\ 8-Jso ft. 10 in. 

Hectometer 

lOO 

S2i ft. 1 in. 

Hekftllleter 

10 

:m.T tn. 

Meter 

1 meter j 

OO.ST In. 

Hveimeter 

.1 

a.ltOT in. 

teiiiiiiieltr 

.01 

.soaT ill. 

Millimeter 

.mil *' 

.i.rtltHT in. 




Meai-I RES ' 

<>' Si rk.m k. ^ 

KyrtVAt.ESTs. 

Hectare 

l(\mK) .Ml, meters 

‘>.471 acres 

•Vre 

Imi “ 

119.fi s.j. ynnis 

Ceiltare 

1 ‘‘ meter ^ 

s<i, incljt's. 


IIV <'Ai‘ ITY. 


Kyt IV U.K\TS. 


<.'rKr< KK. Hkv Mea’^i kk. 


^ r.[(^l ID OI! VV1 .se 
I ME-ACIKE. 


Kiluiit#-r. or Slere 

Hcftolittr 


Dc-kiHUr 

Liler 

( V 11 till to r 
MllliHu-r 


;i, <lrr irm-tfTs 
leriiiH'irr 


.mir .Uu, ci-ntiiiM't.T 


on, vanlH 
‘1 1)11. a.a’f i»ks, 
;).n> ijnnrls 

*>, liiC’j rn, Itiolit'ji 
cu, iiii’h 
.iKU " “ 


ifal, 

•<>.4 IT 

tral- 

1. (»:>«: ,jt». 

>1.". irm 
.at** tl. OK. 
.“iT (1, ilram 
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System or Weights, 

Equivalents. 


No. OK Grams. 

Weight of Water 
Maximum Density. 

Avoirdupois 

Weight. 

MiiHtr, or Tonneau 

1,000,000 

1 cu, meter 

2204.6 pounds 

Quintal 

100,000 

1 hectoliter 

220.46 “ 

Mvriajfram 

10,00(1 

1 dekaliter 

22,046 “ 

Kitograiu, or Kilo 

1,000 

1 liter 

2.2(i4fi “ 

Ilecloprmn- 

100 

1 deciliter 

8.52T4 oz. 

Dekft^fratti 

10 

10 cu, centimeters 

.852T “ 

Gram 

1 

1 cu. centimeter 

15.432 grains 

DedtrraHi 

.1 

1 .. 

1.M32 “ 

C'eutijjram 

.01 

10 cu. millimeters 

. 1 grain 


.001 

1 “ millimeter 

,0154 “ 


Common 

Equivalents, 

Common 

Equivalents, 

Measure. 


Measure. 


.\ii inch 

2,54 centimeters 

cu. vaiYl 

.7646 cu. meter 

A foot 

,304N meter 

\ cord 

, 3.624 stores 

\ vard 

.9144 “ 

A liquid qt. 

.9465 liter 

X rod 

5.029 meters 

\ gallon ! 

3.Tn 6 liters 

A mile 

1.6003 kilnincters 

A dry qt. 

1.101 “ 

A SQ. inch 

6.4Vi S(j, centiim'ter.< 

A pK-k 

S.sll “ 

A “ font 

.0929 S(j, meter 

A bushel 

35.24 “ 

“ yard ' 

.JsilOl “ 

An oz. avoinlupois 

2S.35 grams 

A “ rod 

25.29 .sq. meters 

pound 

.4536 kilogram 

An acre 

.404“ hectare 

A ton 

.9072 ton neau 

A sq. mile 

2W licctares. 

grain troy 

.064S gram 

A cu. inch 

10. 3U eii. centimeters 

An nz. “ 

grams 

A “ font 

. 02 -yVj cil. meter 

A pound “ 

.^2 kilogram 
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Acetate of copper, 13T. 

Aeeto-ar?eiiUt‘ of copper, 121. 

Acme nozzle, 204. 

Aconite, 16. 

Acrolniiiii rucc/ri//, 2S0. 

Actinonema Roha, 3;)S. 

Action of iiisecticiiles and fungicides, 
225-‘23S. 

Adhesive power of fiiiigiddcs, 47. 

^Rgeriu tiimlifunnh, 2s6, 

A gi in tors, 211-213. 

Air-chaintHTS, 210, 211. 

Atr-slaked lime, clieinidry of, IM. 

AIhruriil, kii;ipsack |»iimp, I'sT, ISS, 

Alciiliiil. 0, 13. llo; nniylic, 5t>. 

Alrtid iinjUliiren , 277, 

A^r>jy<uhs, sp.. :t2l. 

-Mkali and oil vxash. 161. 

Almond disease, 2:101 leafMiglit, 2311. 

Aloes, 12, rs); and .s<xlii. 172. 

.Altiiii and calcium chloride, 44 ; pyrelli- 
nmi. 116. 

.MwikkI, W. H., (pioted, 60. 70. 

.\meric:in Hall N'ozzle t‘o., nieiitioiit'd. 

Ammonia, 116; and brass, 207, 211", 

.\?nmoni:ii'al co[ijKT earhotiati'. ailvmi- 
taecs of, 130; anil iirseiiites, l3i'). 1 p) ; 
and i'ari.s LTceti, lo6; introdnctlo[) of. 
into America. lo| ; preparation of, 13s ; 
recommended, 10". 

.Vmtiioniated rojpper fiintricidcs, :>0 ; co]v 
per siilptiate. 117; aiid amtiionintn 
carbon ale, 160, 

Ammontniii c,arltiin;ite and atnnionuOi d 
copper sulpliate, li’iO; .and ciipper car- 
Ixuiiite, 140, 141 ; copper sulphate. I."'! ; 
cupric liydroxide. 14o; snlpiiatc, 14 1 
and Konlran.v mixlure. 4'" : and copper 
aulph.'ile, 3r» 


Amylic alcohol, 50. 

Analyses, miscellaneous, 117. 

Analysi.s of sprayed grapes, 232, 233. 

Anhydrous copper sulphate, 143. 

AuiKojiteryx jivmeUtria, 249, 251. 

Aniaota rubrienndn. 312. 

AnthonurauH qumirigibbuH, 255, 256. 

Antliraenose, bean, 261-2C3; carnation, 
271; currant, 2b5; eggplant, 290; 
grape, 294, see also grape anthracnose ; 
raspberry, 355 ; spinach, 863 ; water- 
melon, 261. :173. 

Antio[ia butterlly, 373. 

Ants, ilesiniction of. 57, 135. 

Aphis, in, 30": apple. 247 ; black, peach, 
3:J2 ; Br‘fKsh if, 267 : cabbage, 267 ; 
destruction of, 12: ('ec«;«ec/«, 2>st; 

247 ; Perxiat-niger, 332; woolly, 

111. 

Apple aphis, 247 ; bitter rot, 240 j black 
rot, 241 ; borers, 24^; brown rot, 241 ; 
liiiil-inolli, 21" ; canker-worm, 249,251 ; 
case-worm, 251. 252 : cigar-case-bearer, 
251. 252; cod lint noth, 2,52-255) ; coleo- 
pliora, fd ; ciuciili»..,*'5^ 256 ; spraying 
for. 69 ; cnciiLicsand liisk'ascs, 24b-2t)b ; 
fall web-worrn. 2,56; leaf blight, lirst 
treated in America, S" ; Icaf-skeleton- 
izi r. 2.57 ; m.agnot. 2,57 ; oyster-shell 
bark-louse, 2.5*^ ; pow dery mildew, 241 ; 
railroad-worm. 257 ; ripe rot, 240 ; rust, 
242 ; scab. 21:1-247 : scab, first treated 
in America, scab, treatment of, 
I'M: spriivcti with arseuites. 231 ; lent 
calc-rpillar. 25" ; v.alne of spraying, 237 ; 

j woolly !i|iiiis. 259, 

i Apricot, ciirrnlio, 260; enemies and dis* 
i-ascs, 260 ; leaf rust. 260. 

I Aipi:! ammonia. 116. 

i A.jnarins, pump, 190, 
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Arsenate of lead, liO; experiments with, Beautii^, scale of, 11C, IIT. 

17 ; preparation of, 77 ; soda, I^t) ; soda, Heaiine, tivatnuMit of, 'J4, 29. 
experiments witli, 77. Bees, poisotilitg by sjirays, law regard 

Arsenic, U7 ; couipiired \Tith arsenltes, iiig, H'ti. 

76; early use of, b6, 75; effect of, on Beet, diseases, 264, 265; leaf spot, 264; 
vegemtion, 120 ; trioxide, 117. root rot, 2i)4 ; just, 265; treatment, 

ArsenicaU and resin compounds, 136, 169, 101 ; scab, 265. 

Arseiiioiis acid, IIT ; anhydride, lU. Belknap t’o., mentioned, 190. 

Arseiiite of, copper, 120 ; lime, 123 ; prep^ Bellows, 204, 205 ; for atomizing liquids, 
nration of, 77, 1 10. 136. 

.Vrseiiites and ammoniacal copper car- Beiicker, G., quoted, 44. 
bonate, 136, 140 ; glue, 147 ; kerosene Benzine, 125 ; eiuiil.sioii f Italian), 145. 
emulsion, 155; lime, 76, 77, 105; plum Berrichone niLxtnre, U'sled, 43, 
ciirenlio. 6>'74; ss^iap, preparation of, ' Bessey, 0, K,,quotrtl, 65-67. 

ITO: Comparison of, 76; danger of ; B. F. .1., quoted, 98. 
their use, 231 ; in Kngland, 66 ; France, Bidanlt, tjuoted, 24. 

53 ; soil, 236. ' Blnl's-eye rot, grape, 294-296. 

Artipu^ Floridanm, 321. ^ Bisulphide of carbon, 52, 134; emulsion 

Ashes. 6, 8, i (Italian), 14.5; injector, 135. 

Asparagus beetle. 26<h . Bitter rot, iii>ple, 240 ; grape, 305 ; gourd, 

A kl i<; tu4 p^ni k i'o<f n 333. j 5. 

Aster, leaf rust. 26<>. , Black aphis, peach, 332. 

Atkinson, G. F., mentioned, 277 ; quoted, Blackberry, 266 ; sco also liaspberry ; 

271-273. I aiittii-aciiose, lOl, 

Audoyiiaud, quoted, 30. ' Blackln-ad, craniterry, 286. 

.Australasia, spraying in, 57. Black knot, and kerosene, loG ; cherry, 

Automatic cleaning nozzle, 200. 275: pinm, ;U0; treutnient uf, 111, 

112. 

Bacterial blight, potato, 349 ; disease of Black -lined plant -bog, 287. 

pear, A14. Black rijt, aiqde, 241; grape, 297-3oO; 

Bailey, L. H., mentioned, 199; quoted, early treanm ni of, 89; In France, 39; 

111, 236. 251, :i55, 36:4. ! quince, ; sweet potap), SOs ; spot, 

Bailey nozzle, 2 <j0. \ pt-acli. 327 ; ror^e, 

Ball nozzle, 202. ■ Bliitlit, bacterial, of [mtato, 349: cariia- 

Balm of (iilead. leaf rust, 261. ■ tion, 273 ; edery, 274 ; early, of potato, 

Balsam of rir and kero>ene emnlsiuii, :U7); tire, ju-ir. 3-34; It'af, plum, :«9 ; 

Barley, affecte*! by copiieT salts, 237 ; di,s> , qiiim e, 3.'>? ; limn Ix afi, 2**4; twig, 
ea.«cs, 261 ; ; pi-aidi. :12-' ; potato, ;14T ; powder, 174 ; 

Barnard noziTe, 2t>;i. j privet, 3.)’2 ; quince, :4i44, 37>4 ; tomato, 

Barnard, W. 8., inentione<l, 2(r>, 203 ; j 37o. 

suggested kerosene einulsluti, 82. Blue stone, 142 ; vitriol, 142. 

Baron. Le, quoted, 61, 62. j Bom s, burnt, 6. 

Barrel machine, 191 ; pumps, 2tJ9-2‘20. : Borate f>f Stjtla; st'e 8o<ltum borate, 

Barry, l\, quolrl, 13. ■ B-.rax, 125. 

Beach, 8. .V., quoted, 263. Bordeaux mixture, agitation of, l.t2 : and 

Bean, anthraeno^e, 261-2W ; enemies and . ainoiint of lirnc rcquipi'd, 12't; air- 
diseases, 26l-2'W ; lima, blight, 2tU ; i slaktsl lime, ; ammotdum sulphate, 

new, nozzle, IW : |)‘sl rust, 26l-2i2t ; 4s; carl rw'id g.as, 127; lerrocy* 

ru.st, 2«V4 ; weevil, 264. aiiide tpf iKdassium, 12". 12*.); glue. 

Beans. affecle<l l.y copper salts, 235, 237. 2", H. 4" ; kerosene, 136; kerosene 
Bean-Cliambcrlln MTg Co., mentioned, emulsion, b‘81 ; Lomloti ptiiide, ln5; 

Yri, molasses. 4;i. 131, bPf; potas.sium fer- 

Bean’s cyclone Dozila, 2t>4, rocyanldc, 46; resin washes, 136; aa 
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»n Infiecticide, 109, 1!13 ; Cavam’a, 131 ; Cas,oma hminatwm, 356. 

(■(dcsie, formula for, 42 ; ctdeste, tested, Calcium chloride and alum, 44. 

44, 4.S; ('iKuiiistrv of. 125-123; dried, California s|»idcp, 821. 

144; early method of iiiiiilyirijr, 181; Calla nozzle, 202. 

excess of lime, 41 ; first formula for, (’anaila, sprayinj? in, 112-114, 

27, 23, 81, i}4, formula (‘arus borer, raspberry, 857 ; rust, raep- 

1SS8. 8S: ,\ustralia. 57 ; Kneland, 55; i berry, 8,-)5. 


injury 1(» f^rapes, 282, 288 ; injurious to 
sheep, 284 ; iiitriMliictioii into Anienc.a, 
90. 92, 101; nonual, lOS, 130; orif,nii 
of, 24; preparation of, 125-i:i8; stan- 
dard, 103, 180 ; siitfttcsted for other 
plant di.seases in America, 91; tested, 
48; with <lissulved cupper, 41, 42; 
nozzle, 199, 210. 

Korer, apple, 248; cane of raspberry, 
8.57 ; currant, 2SC ; imported currant, 
‘iSfi ; peach, 8:42 ; pear, 243, 3l45 ; plum, 
24S, 844. 

Bo,«s nozzle, 199. 

Bouchard, A., treatment of, 85. 

Bouilife. berrichomie, 87 ; bonU-laise, see 
Bonleanx mixture; hordelaise cele.^te 


i Canker, 4 ; worm, 8 ; and I.ond«n purple, 
07 ; apple, 249, 251 ; cherry, 275 ; early 
treatment of, 08 ; elm, 291 ; experl* 
ments on, 79 ; Paris green, first use 
for, <52 ; plum, 249, 843. 

I Caiitharides, 4. 

! Capol, de, quoted, 44. 
i Carbolic acid, IS, 133 ; and glycerine, 

I l;U ; soap, 184 ; emulsion, 134 ; tested, 

I Carbollzed plaster, 184. 

; Carbon bisulphide, 52, 134 ; and kero- 
I sene, 135; emulsion (Italian), 145. 

: Carbonate of aiiiiiionia and copper car- 
j bon ate, 141 ; copper, 187 ; soda, 52. 

; Carnation, anthracnose, 271 ; blight, 278; 


il poudre unique, 4S ; butn-guignounes, ■ diseases, 271.272 ; rust, 272; spot, 278. 
82; daupliinnise. 8.5. Carpel-bug destroyer, analysis of, IIS, 

Itunrguigooiiiie ini.xture, tested, 4S. ( ‘urpocupm p«i,t(yneU(t, 252-255. 

Buwfis, .1, I.., mentioned, 09. Carrtre powder. 41. 

Bra.ss, for pumps, 2tiT, 2<)S. Case-worm, apple, 251, 252. 

Bridgeman, T.. quoted, 18. ('assidic, 809. 

Hritnstonc, <>. 12. Cat.alp.'i. leaf spot, 278 ; treatment, 103. 

Broom f<ir applying Bordeaii.x mixture, Caterpillar, of insects, 22S. 

Isl ; improveii. Ivj. Caterpill.ars, destruction of .51. - 

Brown rot. ajiple, 241: cherry, 274; Caulifiower, enemies and diseases, 273; 
grape, ; 30 <)-; 4 U 2 ; j»each, 89> ; plum, see also t'abbage, 

CftvazJUl's Bordeaux mixture, 131. 

Brown turtle insect. Id. Cedar-apple, 242. . 

Bnu-hux 2iW ; 7bVi'. 32fi. Celery, blight, 274 ; 274, 324; 

Bucket pump, early use of, 190 ; pumps, eiieiiiics and diseases, '?IT; leaf Wight, 
20^ 209. 274 ; rust, 274; sun-scald, 274. 

Build, .1. L,, mentioned, (55, 06; quoted, yin^hi-inta^ 303. 

Cen'OKporo aiujuhtia. Apii,2'7i\ 
Hud-moth, apple, 24S; pear, 83.5; hrdvu/it, 2t54; efrl’l/oo■l^sa, 289; 

plum, 24^, 848. «C(fu',3U; eos(tco7<?, 35S ; 4’’io(a,372. 

Biilmch, 79 ; prep.arntion, 16:1, 104. Chafer, rose, 8(52. 

BurdtH'k leaves. 13, Chapin, qiiottsl, 02. 


Bush A Sou A, .Meissner, qnotM, 94. t'hapin's apjile leaf sewer, 64. 

I'h.arboii. grape, 297-30(1. 

CablKage, apids, 207 ; bug, harlequin, 209 ; Chemicals, early use of, 19. 
buttertly, 26’^; rluh-foot, 206; root, Cherry Mack knot. Ill, 275 ; brown rot, 
206; enemies and disease.s, 266-270; 274 ; canker-worm, 275; ciircuHo, 275; 

llngvr-and-ttHs 2iki; tly, 18; harlequin enemica and dlw'ases, 274, 275; leaf 

bug, 269; pliisla, 2(57; root-m.-Hrgot, blight, 275; powdery mildew, 275; 

268 ; treatment of, 18f> ; worm, 26S. slug, 275. 
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Chester, F, D., mentioned, 12S ; on grape ! 
diseases, lOT ; pear diseases, 109, 110; ^ 
quoted, 187. 1+0, Ul, j 

Clilorkleof ealeiutii and iiltnn, ++; copper, , 
141 ; iron, 101. IM ; im-reury wash, ! 
Ith); siHiimn, 109, e 

Chlorophyll. ‘2*2i>. ' 

Chry?,ali#. i 


Chrysantheniuin, disease, 97.\ '1 

176; leaf 

spot, 97,') : new leaf spot. 976. 


f 7i tyuf'hotfi /-/x /co) (>/'« Co . 94>. 


Cigar-case-bc'arer, apple, 97)1, 97) 

9 ; pear, 

9ol. .817). 



i7 ; (fen- ' 

e.xperiments on, 9 

19; 


rw/«, 87o ; s(i. 8'2<>. 

Clay, 8, 9, 

Climax rit'zzle. 901 ; poi.it.i sprayer, 194. 
Cline, It. IV,, 119. 

,1 »/)</• 77, 2,%?. 

y lock pumps, 9l7» 

Clo-pie, 47. 

Club-foot, i-abi-aoe, 200. 

Coal oil. 1.V9; tar. 180. 

CnbWtt, \V., cpioted, 10. 

CoivvifortM •onfr/^dei's, ;U4. 

Cin'CU'. 7. 

Owht/lin destruction of. .V2. 

Gxilin-motli ami I.otidon purple. 0-. ; 
Paris green, t>4; apple, 9o2. 2.Vi ; lir-it 
trcate-il by expcniiicutation, ?Vi; witli 
Paris erc«n, W , pear, 9o9, 

C'dii water, 179, 

t yUi<ht)wUn. 9.M. 2.''2, 

.v.we/i / rsiisf s, 
f '•‘lirtt'trii hniti Sftiuttffit , ut>;. 

C-loratlo fsuat.i u.'d. , 

O.lsa oil, .V9.. 

Combination 'tf arM iiites ami kerosene ! 
emulsion, l.V>. 

Combinations, IW; of In^.-eticMes an<l 
famrHdes. 180; of i-^fCTici.lcs and 
fungicide*, siii,'i;e,;,sl, lo.'i, j 

Combined ei«U'r!i atid birec [uimp, 191 ; j 
Comjyisition of Kors\tii, 9, 

Cf/nofs'aeAsi’wx u^^Miphtir, 97'. -i-PJ. 

CtKik, rue n t loti t tl. HT, ds ; ,,n kern- 

ione etiml.'lon, "I ; qiiotjsl, r,-j^ r;',, dt, 

M, m, m, 2,'d. 

Cixjk’.a harii .soap ptmilsion, ir>l ; soft 1 

ftoftp euHtlsiofi, l-M. j 

Copj*r, (sbsorlKtd by foliage, 9:14, i 

acetate, 187 ; aeeto arsenite, 121 ; artion ^ 


on folmgc, 284; plnnti, 235; soil, 236; 
uinoinit ill soil, 286; carbonate, 187; 
ammoidaciil solution, 18S; and annno- 
tiiiim cnrbonute, 141; dextrine, 44; 
elieiiiistry of, 187; eurly use Upon 
gnijK s. 97 ; in aihniouia, InlriMliiction 
iiii.r .kioeriea, Ull ; precipitated, stig- 
gested. :h’» ; recoiniuended, 4(i ; chlo* 
ri<ie. 141 ; com pounds and sugar, 178; 
hyiirate and uiniiionia, 86; sulphur, 
41; jK'rforiitioii t)f, 44 ; reeonitneiided, 
4(1 ; hydro carbonate, 44 ; in foiid, 9:k’>; 
iiii.Kliire of Clronde, 12.o; nitnite. In 
.Soil, 9;17 ; phosphate, 44; early use 
u]x>n gnipes. 97 ; .vnla mixture, see 
co]iptT carbimate, 141 : .stKliuni liypo- 
sulpldte, 141 ; suljiliate, action on 
foliage, 46; spores, 99, 98r>; amino- 
iiiatcsl, 117 ; and ammonium carbon- 
ate, 17)1; sulphate, :Ci ; carbonate of 
siHla, 86; lime iiiixliire, l9.*i; Paris 
green, 107); svHlium carbonate, 44; 
sulphuric add, l-k) ; whiuil smut,81S; 
anludfous, 14:1; as a futuriclilc. 149; 
disMitved in aiiiiiionia, mi; early use 
of. 17, 99, 97; In .Vustmlhi. .%7 ; Kug- 
la ml, .V); M>il. 9;t7 ; nn foliate, 84; 
preparatiiiii of, 149 ; salt and Uiue, 
M;i*li, 169 : test fir purity, 149; ft'sttul, 

1 41; \aiue Ilf. on posts, etc., 94; siii- 

I pliido, early use njxiti grapes, 97 ; 

suipliiie\ aiiidi', 41; siilpiioviei-liarate, 

I 49. 178. 

t 'ojijMTa*. l.M, si-r ai'o Iron sulphate. 

< “cpiilh-n, h, W., w.irk (if, s.'). s7. 

( '.ini, atb i'ti'd bv cpjMT .siilt*. 98r>, 987 ; 
eneuiii ' mill (li'i a*es, 976, 977 ; insert 
■■n. iiili *, 977 ; nHil-w-irm, .southern, 

furiie!! mUtnrr. 148. 
fiirri'sivo >.iiblitiiate. 9 ; use of, 160. 
t o* ton Might. 1*1; c.atcrpiilar, 277; ene- 
tul* * ami iDs.-a-o*, 9*7, 27"^ ; leaf-worm, 
977 ; vMirin, 977, 9s6; Paris green for, 
fd. 

f ottonooiKl, b-aMx'otlc, 27H ; rust, 97's. 
t raig, i|Ui.t> d, 1 19, 114. 

CranU'rrv. bl.’i‘'k!ic;el, 2sO ; etieiiilcs aod 
dlscn.es, 97:i 9s| ; Pre-worm, 2'^t; 
fruit-vvumi, 9sii ; gall fungiis. 279 ; rtsi 
rii-t, 279; rot. 979; scald, 279; vine* 

worm, 9so ; wDriii, 2s<l. 

Craw , (|Uottsl, U9-[M> 
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Crawford, F. 8., quoted, ST. 

Creed, W., mentioned, fift, 

Vriocti'ik 

Cniicksliinik, ti., (jiiuted, ''0, 

(’ubotii, ijin>tc<i, ’^0, 157. 

CueuiDher, eiieinlis ninl tli.^-eiises, 2Sl^ 
i;s4 ; iiifloii-l(nis<‘, ; v*.:"' ’’ ■> ; 

tnitdew, L'^l, ;il4: jiowib'i'V mildew,' 
“iSi; wiutlieni <’orti root-wortn, ; 
s]i()tt(‘d beetk*, “.iSi ; striped beelle, iisd. 
('U])r:iiii, Ws. 
ruplie-steatife, 174, 
ri)|»rindiu,*iiliate, 44. 

( 'ti]ir>p>l<Mtite. 44, 144, 

Ciireiilto, apple. 'J'di, Jad ; Spraying for, 
(Vj ; nil aprip’ot, 'Ji'pd ; clierry, ‘.I'.") ; [lear, 
“J.Vi, ; jiluiii. ;J4^1 ; sjirayliif' fnr, 
f.'« 74 ; p«-a< li, a'ik. 

('iirraiit, aiitlir;u-nn.v, 'J-s) ; Imrer, ; | 
biiir, yelkiw-lilied, IJ"* ; <-licliiies am) 

di>ia-.<'S, ; fri-eeii, liaif-linjipiT, \ 

‘jyi ; jinportep) l»nriT. ; leaf Mbr'it, ' 
'K>\ ■-pnl, ru>l.2-N.7: ^-awtlv, l'm'j ; ' 
wnnii.l;!; itiijiiirU-d, ; ii)tr<>^{iietinri 

iiitfp Ml. 

('yaiiide nf putasKiiini. Utl. 
t’veintie, Iteall's, imzzle, ‘.'l»4 ; nozzle, 
Oll-J. JoH. 

i'i)!iiulri’i*fKn-}>iJi} ‘i7.5. liSk. 

IjitutuKl -j'tt id! uyt! UiF ^ ods 

I»;ililia, iliM-e(' afl'eetillL', 
lhfl-:i iinu\ rnii I'/Juf. N<t , '.".Id. 


Difinlphlde of carbon, 184. 

I}(>r\t]Auir<t Wineata, 851. 
iJosch, 11. K., riiioted, 162. 

DoiHflas, W. & B,, mentioned, 190, 
Uowny mildew, prape, see also Grape, 
Wlii-ii02 : appearance in France, 19, 25; 
ixitato, 847. 

Dunp, 4, 6, 16. 

Dust sprayer, Sirocco, 205. 

Karly blipht, potato, 845. 

Fan Celeste, action on foliage, 46 ; chem* 
istry of, 145 ; in Australia, 67 ; modi- 
fied, lOu ; preparation of, 144 ; sug- 
gested, 80 ; tested, 85, 3n, 41. 

I '.ail (Irison, 16, 147, 307. 
flelriir, knapsack pump, 1S7. 

. F.drlv-< Iiaiiiber nozzles, 2ti3, 210; the 

I .’-pray of, 224. 

Kggidaiit, aiithraenose, 290 ; leaf spot, 
j 290, 

' Ktder, 7. 11, 13. 

' Kim, canker-worm, 291 ; flea-beetle, 292 ; 
gipsy moth, 291 ; iii.seeis affecting. 291, 
292 ; k-af-beetle, 292 ; Span-worm, 291 ; 
trees, spraying with steam power, 
19.5, 

Fmerald green. 121. 

iiKiriiltitiiK, 366. 

fltKjxxt tllhnifi\-Ul, 2s9, 

■ Ktiiul.duns. ki-niseiie. and Bonleaux mix- 
ture. l.V>: milk, IM : pyrethruyi, 156; 
1 M>a]is. K4. 1M5; linseed oil, 15? ; prep- 
araiioii <if, 147i. 


Dalinaliaii powder. HVl. Kiigiiies, garden, 11; gas, 196; steam, 

l)aviup<trt'-s iiUKlil}i'ati<iii of Milpbatiiie, . 19.5. 196. 

.57. Kiigland, fungicides in. fiS; Insecticides 


liavid powil. r. .‘1:1. 144; In Australia, 5 
] »fam‘, S., ((iiotvd, 4. 6. 

Death to rose bugs, iinalysis of, 11‘*. 
Hriiiiiig M Tgi'o., mentioned, 195, 197 

I >endro|cjie, 

Aer</e/M( FUf, 82.\ 

Deuio*. spraying. 2u7-224. 

Dextrine and ro|>per carbonate. 44. 

IHtiJintflt'd, 12; jiHiii'f’iftt. 

r.ff.i, 2M, 

IliffU'er, nozzle, 2ul. 

/HfifoKtM jHft'i Ifni, i0t,5. 

Di'.eases tre.aled In ,\t!ierlesin 1''''7, 


in. 56 : spraying i*., '’4^ 

Kngli.di purple ])oison, 74 ; composition, 
128; use<d, 123. 

A5(/oiao*;>oi juin r?i<7c»7a<utn, 888, 

Cichoractarum, 2S1, 872 ; 
ku'liK 326. 

i Kruf/irdUfuni 157^, 306. 

- i Kn'i ioptin ^yu/Do/br, 2S3. 

F.iirek.a nozzle, 199. 
j Kurope, spraying in, 53. 

I K.iiropeaii helUdM)re, 14S. 

; I 47 ; 829 ; 


in 108; in 104-lt'6; in 1’'90. i 842. 

liwi Ifls; ill ls9l, lu'v-iio, in lo92, ll(i;i Kxperiment stations, establishment oi; 
In 1s94, 111. i Dl'i. 
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Fairchild. D. G., quoltnl. 2:U. 

Fall web -worm, amilc, 25(5. 

Fan tall nozzle, 

Farmyanl drainufjc, 12, 

FeniaU, C. II.. quoti\.l, "7, '24’>. 
Ferr»K\vaiiido of j»olasMuin and llonlcaux 
iiiUturo. l'J>, 121* ; chcniinil action of, 
140; rcvonniu'ndod, 40; tost for iron, 
IM : uso of. V.^. 

Ferrous olilorido, 151 ; sulphate, te.st-d, 

Fessondt-n. T., quote<l, 10, 11. 

Ficlict's in.M’cticiilo, 5<*. 

I'icld F<irce Fump Co., mcnliotietl, 191. 
Fiuffor-aiid-tot>, of cabb;u:c, •irii). 

Fir balsam and kerosene emulsion, 150, 
Fire Mi^^bt. [>e.ar. ‘^34. 

Fire, for ^t^a^vbtT^v leaf blik'ht, l3t>5. 
Fire-wortn, cranberry, 2'^), 

Fish-oil. >; and soap, 171; soap, 140; 

use of. U'>0-109. 

Flax rubbi'^h. r, 

Flea-beetle, :y45 ; elm. 29'2 ; prapevine, 
:i<'0 ; on potato, :151. 

Fletelier. J., nientiontsl. 114. 

Florida spirav pump, 191. 

Fk.ur, '0 

Flowers i‘i‘ Milphiir, uses of, 175, 

Foex, M, i|., tnentionisl, vO. 

Foliape. cnpjKT absorbnl by, 2:34. 
Foliape-eatiiip inswt.s. :3oy. 

Formulas and materials. ll.Vl^). 

Forsyth, \V., quoted, 0, 7. 

Forsyth's I'ompoMtion. 0. 

Fostite : s. e ^ulphosteatite, 

Four-lined Icafbup. 2s7, :37:4 ; plant biiu, 

French ap[is. **?^ns of fniitdciib-," to 
pra[«es, 49; funpir-ides, iiitnMluction 
of '.M, 'A 1*9 ; KT»-.'n, 121 ; kna[oa<-k 
pumps in .\merica, I'oi. 

Freiicbiiit'. 

Fruit, kerplitp ijualitirs of ^|,ray*-d. • 2 :!''; 
Hot iioi'oried by ar'etiitc', 2:i| ; rot, of 
fH.aeh, a'J" ; >[iot. (war. ; sftot, 
quince, Al ; wi^nii, iTanberry, 2'') ; 1 
pon-wtwrry, 2V.J. 

Fuma. 1 : 44 , i 

Fnnpi. rla.sss*s of, '220 ; ilffinition of, | 
229; methods of dcslroyiiip. ‘il'P; treat- 
im ni Ilf, 2:3»>. 


I parative te.st of, 49 ; early trials of, 19 ; 
I first used in .\merica, ST ; French, iii- 
I ti'odaetioii of, l*;i ; test by Hencker, 44 ; 
I Ilf adhesive powers, 4‘ ; in America, l*:l, 

I l(>7. 10'^, 1 14 ; use in A 11 1 erica, 1*2-1 14. 

’"k^ipivore. 21. 

I‘'u/i7i7^tn'int>t ih‘ih{rith‘U»i, 243-247; 
P If rill it HI, early I rent men t of, 47 ; ex- 


i (iaillot’s knapsack pump, 1S6, 

I ittiUrm'ii JTinit/HHiit’firiui, 292. 

I I tall fiinpus, cranberry. 27t*. 
j Galloway. 11. T,. quoted, 1*17, PW; knap. 
I wu’k putiip, Is*', I'l*. 

Garden etipiiie, 11 , ls 4 , Isi; early form 
I of. 11*0. 

I (barman. If., quoted, 241. 

Gas enpines, I'.ni ; treatnient, see Hydro. 

eyaiiic acid pas. 

G.ast's for prape iiiililcoe, 90. 

(Jayou, C., quoted, 4', 

Gem r)n//le. 199. 

' Geriiumy. sprnyinp in, 54. 

; Gillette. C. IV, and plum ciirculio, 71; 
qllntid, lori, put, 

Gips,\ niotli, on elm. 21*1. 

Girard, A., quoted, 47. 

/yiu’ffi/rnumf ‘24*\ 305; 

liIrhiiiiJrHt'il. '.0*0; ;i/eo/oe, IfV* ; /jgr. 
liii'.l ; PifttJi, 2n5. 

Glover's M'ale, ;;22. 

' Glucose. 174. 

; (rlue ami arseiiiles. 147; and llordeau* 
mi.xture. 4s ; value of. 147. 

Glycerine and carbolic .icid, 1;U ; (rrison 
liquid. 97 ; plienic neid. 24, 

(f'o/e. .1 .\. K.. quoted. 5, 

Gotf. K. S., inentiomsl, (vi, 19 ( 1 ; qiiolctl, 

Golden lours on swawt jiotato. IlfO. 
Goo>eb«Try enemies .nml dlse.isc.s, 292- 
291; frull-w iirm. 21*3; mildew, treat- 
fiiejit, lo2. 292 ; sawliy, b't, 2'sti. 

: Gophers. treainieMt of pib. 

I Gonloii, G .. quoled, .’’o. 

I (ioMiri-r, jiluiji. :}44, 

I (loiird, bitter, 5. 

I Graduatiiip spray nobles, 19 ' 3 . 199 , 
i Grain, rusts, 319 ; treatment uf, 1 ** 6 , 

I m. 


Funfincliles, action on soil, 2'A-‘2:i7; and ! <»ra|a'. anthnwiiose. 294; treatment, "iS, 
insecticides, action of, Jib 23s; com- [ 37, 4.5, 29.5; binrs-eye rot, 294-296 j 
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Wtter rot, 305 ; blaok rot, 291-300; | Ilellebore, 5, 13, 15, 18; analysis ot; 118; 
early treatment of, 89 ; first controlled i^roperties of, 148; uses of, 148, 
by Uordeaux ndxtiirc, 40; fun^neides H^iery compound, 15, 
for, 39, 41 ; in France, 39 ; brown rot, 11^111 iiiji;\vay & do., letter of, 65, 66. 
3(H>-302; cliarboii, ‘iyi-ioo ; cleaning-, ^Kb, M. M., quoted, 93. 

105; diseiisos, early treatment of, i-r Hilgard, K. W., quoted, ISO. 

America, 94, 95, 99, lOU ; trfauneni of, History, early, of liquid applications, 
107; downy mildew, 800-102; early 1-lS; evolution of nozzle.*, 197-204; 
treatment with fungicides in America, pumps and syringes, 1S1-19T. 

93; introduction into Kurope, Ki ; Hollyliock-bug, 31-2 ; rust, 311. 
iiiethoilti of tit!atment, 45 ; treatment | Horizontal-acting pumps, 214, 216. 
with iron .sulphate, 21 ; lime, 21', 27 ; Horse- power sprayer, first form adver- 
siilphiir, 21; enemies and disea.*cs, tised, 193. 

294-:9ifi ; tlea-bectle, 306 ; gray rot, Hot water, 17S, see also Water ; and smut 
30<K102 ; lea f-h opper, 306 ; po wde r\' of gnii ti s, 3 1 o- 319. 

mildew, 30:l, 304; rattles, 304; ripe Howanl, L. 0., quoted. 69. 
rot, 305; sawtly,305; scab, 294; shell- I Hoyt, 8., quoted, 195, 196. 

Ing, 304; slug', 3o5 ; stcely-hug, 306; | Hnbhard, H. 0., on kerosene emulsion, 
thrip, 306 ; vine flea-heetle, 306. S2; quoted, >2. 83. 

r.nipes, and Bordeaux mi.\tU!v, 232, 2^13 ; ; Hiit)ljanl-Kiley kerosene emulsion, 155. 
injured by B<tnleaux mixture, 232. 233 ; ' Hydrate of cojqier and snlplmr, 44. 
s pray isl, 'analysis of, ‘232, 2;i3 ; value of llydrocarbonate of copper, 86, 44. 
treatmeiils, 237. Hydrocyanic add gas. amounts to use, 

r;n7/;/f/(fer(i chuhfl^r.i, 306. 149 : prepai-ation of, US. 

(Iravltv maeliines.' liH. Hyplue. 229, 

(iray, F. M., iiieiiti.nied, 1S6. //y;,Ao?i/ci'o evnea, 256. 

(i ray rot. gmpe. 3(K)-;Or2. ll vqxiMilphite of soda, 172 ; fir-' ose of, 

(He'eii. W. d., qo-ilcd, 78, 74. 

Crccri-tly. 30S; lcaf-!iu;ppcr. currant, 2'9 ; | Hyssop, 5. 


•striped maplc-wonii, 312: vitriol. 151. I 
tlrcenhotise, pests, 307dll; remedies : Imago nf in sect. «. 2'28. 

used in. 307-311. Impnrted cabbage butterfly, 26S; cur- 

(Irixm liquid. 16; preparation of, 147. rant borer, 286; worm, 2S6; elm-leaf- 
tlniboflusecls, 22'^. 64. 

Huiini.v W. 11,. qtioted. 196. Injector for bisulphide of carbon, 135. 


p<ovder. 204 . 2o5. Insect powder, U3. 

f^i/iinioKfiortnu/iiini iinK'i'ojiuii, i-ii. Insects, chewing. 2'2s ; fi.diage-eating, 
(lypsinc, l'2tt. 3o9 ; Jiietbods of tp . ‘tif ing. 227, 22> ; 

mucking, 2’2*> ; tnmsformation of. 22>, 

Hagger.ston. M.. mentioned. 14, Iiiscclicldcs. anion upon soil, ‘235, 2:46: 

Halstisl, B. I)., mentioned, 106, 13:1; ami futiLneides. action of, '225, 238 ; in 

t.iibllcations of li'6; quoUsl, 242, ‘264. Knglimd. 'Hi; France. .V' ; patent, 162. 

Iron, cbbtridc. lul ; use ..f, 151; salts, 
t/ititini Afeio/ofet. :151. early upon grapes. 27 ; sulphate, 

Hanillt.m's recipe. 15. 4,’i ; actimt uj>on spores. '235 ; and grape 

Handles, pump. 21". liiitbracnosc, ‘23; sulphuric acid, 169, 

Hanl soap aii.l kcmscnc. 1,54. 170 ; as an insecticide, 90; early use 

Hiiricquin.-al.bagc-btig, '269. of. 21, '22; ipropcrtics of, 151; tests 

Harris. ,1.. qmHc<l. 13, for. IM : uses of. 161. 

Hartslmrn. 116, It-il.v, spraying in, M. 

Hatch bill, mcnllomsl, 64. 

Havnes, K. F., nienllontHi, 62. dilger, U. V,, quotiil, 119. 

Heath broom, 181. Japy, knapsack pump, 187, 188. 
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J. L.. hot wjUor troatinoiit of 
sniTit. ;u.\ si<>. 

JoluiM'ii, \V.. iiioiitioiiotl, 110. 
Johnson',-* inixtiitv, Uit, lo'i. 

Johnston's In'!. \ 

Joiu's. L. i;.. luontioih'J. 1:^^; on polnto' 

Jisoasos. 10". 

JoosU'i). II.. montittnoil, 1T4. 

JiuKl. .lo.M'iiii. tUKKt'tl. 

.Iiiiiii>er wt'h-wonn, t'4. 

Kainit, 

K-itti-rhaoh's kiuip.'ai'k inimp. Im>. 
Kt'il/u>. 11. L'.. iiiontionoil. 

Ket'i'ini.' .inalitio? of'ia'tiyt'J fruit, 
Kolleniian. W. .V.. nu‘iiti..iir..l. hn;. 
Kt-nriok. W., -inotoJ. VJ. 

1"; ami Maok kH''t, foi, ; 
Iv.tnlvaiiv niivtnro. l^hl : o;u b''ii M'lil- 
jdiiilf, (1 milk, irLl;:julk 

.'tiiiil'ion. "'i. ciiiulMoii. "1. 

U%4; wattT, iltoico f'r mixiiiLr. IVt', ; 

applU'il in watiT, Tl‘ ; o.iriy U'o "t, iV. 
vmiiUi"!! ati<l 

hal-am »i fir. l.V>; ik.nlcinv iiiixtnn , 
{.*>'!; rr-in wii'lio". f o; ; :.ii!p!iiclr til 
|iota>h. l"o; apjilifil i-ii.'ifu-, 

llt'J ; IInM,:ir.|-i:ilt y f.'rmula. "1: iti 
p'ranre. fl ; iri(r<>«tni'ii<iri '>1. '‘k "1; 
Italian, 14:>; in Koi'l.iiiJ, tV. ; pr.-i-rr 
tii > i>f, 1."’- ; l’.\ r> till inn f'O : 

wh>-!i r'li-'i "1. 

i'l, It'.y 

KitajiNii’k |nuii[', .lilirirKi, 1"i. I"; 

Kolair. I'T : (i.nih'r''. tiaihi'v.iy. 

I"". I'l* ; .I-'ipy, I'T, i": Kalt.n f.ai li'v 
I'tj; y iu'’"nr‘in V, 1-”. 1"'": \^iih k'-ru- 
jttai I tin-n it. r.'T ; pninli-i. intr.i 
ilm-ti.in i'it^' .Xim l i' a. l"'i I U'i > "f. 
2"-; .j.ritikl.T, r-ariy furm-, I'O; «ith 
air pump. 1"". i'-f 
Ko-We. \ . ai'rk of. "■>, "'j, 

I.aftto. V <1.-. unot-l. 'j:l, -'If 
of in.Hot,*, 

Lmr>-, .1,, of, it. 

1-iw^, Hpraytnir. : .yn*fr.t!i.a. .'i' : 

(.‘allfornia. HTo ; oT'l; < 

.TO; Ma"*arhi!"< fT-. ilTT : Miohittan. 

3TT ; Ta.*uiafila, -r ; ri.'ih. 't'O. 

Laws, s|iraying. tincon.itituliotial, il"!. 


I.t’iul arsoiKito. 12*1 ; see also Arsonato of 

loail. 

I.t'af-lin llo, roltmiwood, UIS ; iniporlt-d, 
olin. '.*11- : hliL'Iii, almmul. ‘i.'i'.t; rolory, 
'.'T4 : vlii’iry. '.TO; cnrratit. 'jNv; mion- 
oiu-tto. fll: pfav, ;kkt; Ilium. :W;>; 
Hiiim'Ur : nisi', ; strawht'tTV, 
;1(U ; svonmoi'o. ofill ; Mi.'.ti'f, poar, il’hl ; 

Inn:, fonr-lititnl, 'J''T ; (‘iirl. poafli. ; 
hiip[>ir, knMpt', ;.'n'nn. I'lirrant, 

■J";t ; roM'. l!fs> ; inito, oraiiiri-, :5’-l ; 
iihiiilil. swi'vt |i<it;;to, “><’•'>; tioti'hor, 
iirainrf, n’.lt ; n'lk'i'. straw hriT>'. mill ; 
nnt. ajii'icot, :2ilo; astor, ‘2*10: halm o| 
(iili-ad, 'Jill; ruttimuiuKl, '27' ; pvarh, 
mil; ski'lntoni/iT. ‘2.’i7 ; >[>ot. 

hri-t, Jill; 'Jill; <tirysaiit[ii'- 

iniiiii, JT.'i . i iin-.Liit. J'.'); fOL'plant, 
'J'ln; iiia[>tf. ol'J ; ll|■;mL:^■, •"•‘Jl ; iiiiitim*, 
r"sn. :l,*i' ; sunot [mtato, otl> ; 

l.ialhci- ill [iiiiiip'. JOs ; scraps. 

A. ,',/)<;iti;i..;il; tn-aliiamtof, 

L-'i/'i'.ir. iinolrii. '>1 , 

I.i-ii.', .V ,, .|iiot<.,l. 

!,. niiic-wonn, irn rii, 

1..1V i- li.)//li-. -Jol. 

IJi li.-t,-, :il 1. 


l.illv tio//,ln. -202. 
I.iiria fi an, Jill. 


iim-. il. 7, ', 

1 1 ; ai'tioii 

oil I'lippi-r 'alts. 

in sMi!, ■_m7 

: folia:;.-. I. 

‘S-f\ : ■'I'on-''. 

j:;;. : aml.u 

'.•niti--, 7i‘', 

pi.'t; -.lap wadi, 

171 ; -'ilplii 

ir. I'hi-mi-ti 

V of. I.’.'; miv- 

tun', 1 17 ; 1 

.i.w.l.i-, 17*1 

: rhi iiii'trv of. 

i.mi ; tii'st i 

isn of, 

ouny mil.l. w ..r 

-rapn. 'jo; 

for pi.iiit !i 

i i-. .‘i ; sail, -iil- 

phnr wa'ti 

. I.’>7 ; ami 

ropp..r 'Iilpliafn 

wadi, liVj; 

Milphiil.*, 

HI; prr[iaralion 

Ilf. I.'*-; 11-1 

of, i:.7 ; 

vv.i'h for tun'll- 


li... 111. 

Hu.t x rlpf-l. 27-. 

I,iii.!l.-y, *..< 1 ,, ,jti.it.-il, 11. 

Mii'i i-'l oil cimilMon. l.'i', 

I.ih’n. r, .1. \.. ijiioti'd. J.'il, 
l.iijiiid a[.(i!in:itiMn-.. i-arly Jiist<>ry of, 1. 
I.iniii.li ami (.owilrm roiiipan-il. J'O '2**T , 
applii'a* i"ii of, Jo.'i-JOi, 

I.itiinn [.api r, ii-i' of. 1*1. 

iatr,.' 1 iimax, I'.*l ; Hiaiit pump, tl>l. 

Livin' Ilf siil|.tmr; m-u .Mil 

pliiilt'. 
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Lodemati, K, G,, mentioned, 18S; nn Mldpe, pear, 3S5. 

black-knot, 112. MiKnonotte, disease, $14; leaf blight, 814. 

London purple, analyses, 124; and Her- MUco, (}, N., incMilioned, 79. 
ileaiix mixture, lUfj; canker-worms. .Widow, eucuinler, 2Sl, 814; downy, 
07 ; codliti-itioth, (vl, (Iji ; iiitrodm-tion y/ grape, 8ti0-3t)2; potato, 847; goose- 
of, 06-07; report of first trials, 00 ; berry, 292; onion, 819; pansy, 324; 

"f, 124. pea, 826 ; peach, 10, 381 ; treatment 

Long scale, 822. of, 15, 881 ; jjowdery, cucumber, 2!<t ; 

Loo.se sttiiU, outs, 81,8819; wheat, 816- grape, 808, 304 ;muskmeloa, 814; plum, 
819,878. 241, 3-13; purniikin, 814, 862; squash, 

London, ,K <\, quoted, 11, 14. 314, 364; waU-riiielon, 231, 373; rose, 

Lowell n(»z/le, 199. 11, 369 ; spinach, 863 ; strawbem',3C6 ; 

Lye, 9, 11; and sulphur, 159; whale-oil verbena, 2'^!, 872; violet, 324, 872. 

soap, 169; uses of, 169. Mildews, early treatment of, 12. 

Lngu>^ 800. Milk, emidensed, and ken>sene, 158. 

Millardet, A., quoted, 22, 27, 37, 48. 
Macdougal's syringe, 183. Miliardet's mi.xture, 125. 

Maeliiiie for mixing kerosene and water, Mlto. 8it0 ; orange, 821. 

190.197. Mills green, 121. 

6taeliinery, niireof, 224; sprayinp, 2(t7- Mixture No. 6, lOO; introduction of, 

; early forms of. Is6. piT. 

yfiti'viKhifttjhtH 862. I Moiliilod eau celeste. 160; suggested, 37. 

Mtn’vox^unium .“so^nii, 846; /bwoto, i Molasses and Hordeanx mixture, 43; 

870, i elieiiiistry of. 178 : uses of, 178. 

Maggot, apple. 267 ; onion, 82(1, j Mold. leaf, of sweet potato, 368; white, 

Manufacture fif spray pumps increasing. | of sweet potato, 30!s. 

19l, ; Monarch poLato sprayer, 195. 

Maple, enemies and diseases, 812. 818; : 274. 

green striped maple-worm, 812; leaf j Monroe. \V. I!,, mentioned, 205. 
spot, 812 ; tussytek moths, 818. I Nbtrrill A Moriey, mentioned, 192. 

MiirijaroilfM >p)iuhi>^tHjmniiA/.V,f>, \ Mnrt.ar, 8. 

Marseilles lio/./le, 264. I MoMpiitos. treatment of, 163. 

Masson iioz/.le, 199. ! Mosses. 814, 

Mat i-riat.s for spraying. 116-lsV j MoiiUon. F. 0., mentioned. t7. 

Maynard, S. T., fiu(ile<i. Ill, 1 . 6 s, | ,V«;V((;(//(; hiniriunint, 269. 

Metioweii. .1, -1.. automatic eleaning ; Murray, .1., ijmtted, 18. 
iiiiz/lc, 2‘io, 201, 210; m<'iiti<itied. 2iMt: i Muskmelon, i^owdery mildew, 314. 
nozzle. 202 , ; Mycelium, 229. 

MeMlehael. ,1. K.. <iinited. 112. | Myers nuzzle, 204. 

McMurtrie. A., quoted. 126. i .!//////( t«/o>i f,lortrii, 322 ; pomormx. 

Mealy Img. 862 ; tn-atinenl of, 8t>9 ; « ing. j 2,68, 
orange. 821. j 

Me.arns, ,1., tjuoted, 12. ■ Neal, quoted, 83. 

Mea.Mires. metric system. 8s2, :Kl Neal’s tnixtnre, 8:1. 

MfUtmpkont Popuiiiui, 27’^. ' 286. 

.Melon loUN- on cucumber, 2'8l : worm, ‘ New liejin riozj.le, 199 ; leaf spot, chrys* 
oil euciimln'r. 2st. authemum, 276. 

Mercuric clilorblo. ItVi ; wash, hkl, Nieol's reeiiH‘» 14. 

Mcreurv, red iixi<U' of. 62. ,\(c«(fi<fmr 7<i5f7CMt?i, lib, 

Merritt, .liistice. Ssl. Nitre. 14. 

MellnMs of destroying insects, 227, 228 ; Nitro-henziiia, emnlston, 145. 

spraying, 226. Nixon Nozzle and Macliine t'o., founded, 

Metric system, tWi, 383. 191 ; mentioned, 191, 193, 201. 
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Nt)n-|M>ii>onou6 ile&troyei-, (Uyyui, sj)., 313. 

(inHh-.iis of, 11:4. Orioiilitl lortiliziu* and hnp dostroyor, 

Xoniiftl Bordeaux iiiixtnri\ 130. \ ainilysis of, 1 13. 

Xova Scotia, .‘itrayinu in, llo. \ (^njfin of llonh aux mixture, 24. 

Xiuzlo. .\cnu‘, 204: .iiitoiniitic cloaiiino^J :{12. 

200; Hailey, 20<1 ; Hall, 2t*2: Hariiani. Osborn. Hy_ and jiliiiii cureniio, 70. 

'ittt ; Hean'.s ('yclotic, 204; Honicaux, Otto. II., (quoted, 23.*i. 

IW. 210; Boss, I'^O : (,’iilla, 202; I'liinax, ! Oxalic acitl. .Vl, 

201: Diffuser, 20| ; Kureka, 100; Kan- ! Oyslcr-.dull harkdoiise, on apple, 253; 
tail, 100 : Item, lOV ; Ideal. 222 ; Lewis, | scale, o22. 

2*M ; Lilly, 2o2 ; Low t-11, IM ; Mar- ! 

scitte.s, 204; Masson, 100; MoOoweri, Pt}:ci((h‘,ip*)iii 

2o0. 2(^2; Myers, 2i>4 ; New lii^au, ' PtiUiii riiit crv /o/Zd, 275, 

Peerless, IW ; lliley, 2<.VL 204 ; Ver- i Pansy, mildew, 324 ; Mist, 324. 
morel. 2(H; with lance. 204; Vigour- 1 .Isfc/ Zox, 324. 

oiiY. 201 ; M’ellhonse, 2o:>, 210. | PaniHiiie, 'lO, 102, 

Nozzles, cyclone. 202,L>o:t; <‘ildy ch.ainht r, i Parasitic fungi. '220, 2;>0. 

2<e2. 2ti;L 210; gnidiiatlng spray. His, : Paris green, action on foliairc, 122; soil, 
l!>;> : history of, Ut7-2i.H ; principles of, 23(3; analy.sis of, l!s; and ammolihp.al 

construction, 103 : Sprays prmliicvd by, i copper carbonate, 100; cojtper sul- 

222.224. I pliatc, PC) ; glue, 147: lime, 122; .as a 

Nur-t-ry stock. tn'Otment of, 104, 1 1 1. futurieidi'. '.>s, !:>■_>; t-.mipovition, 120; 

Nu.x vomica, 15. early inclho«ls of application. I'd ; tirst 

use fitr canker-worm. Uj ; ciMlIiti iiiotli, 
t>at loosf' smut, 31.'>-;tlp; plants affected f32; for coilofi-worm. fl : plum ctircu- 

bv copper salts, 2:47 ; rust, ;-lH) ; .smtii lio. (V.t-74 ; potato lu'ctir, tkt, |n’»; 

and potassimu sulpbiilo, 313. kim-otic, and llord< aiiv mivturc, |;o'>; 

nf.rr.t tJ.57. law fr)r 'jwaying with, 3Ti'»; tiiantu r id 

ticket b/ «f /»//<//•. 2'.(1. ii.-e. 123; patent picpandioiiS i>f, tlO; 

.372; T’/O'iC'/cj, propertic-., 12o ; iijuin fruit, 2;{!, 

.'st. ' Pari> piirjilc, 74; composition, 125; iinj 

Oil and alkali wash. 1^1 ; ti>h, use of. lf»‘>- i of, 125. 

U33 ; jpetroleuin, .5 ; train, 7, 9 ; whale, 7. \ Parkinson, John, quoted, 4. 

I lil-*. 5, ,52. Ifd. Par'ley-wonn, 324. 32.5. 

I »i'-o-suiphide of carbon, 52. ; Parsnip, wcb-w.irm, 325. 

idiver. P.. ipiot»i|, 21. i Pasturing 'tuck in spr.ayed orchards, 22vl. 

Hiiioii. riif-mi-' and diiuM'C*, 312, 32U : 23,4. 

mairirot, 32'V«iiIdew, 319; ru:^t, dlO; Patent iti'ccticidi'i., ('5o. (il, !i32. 

>tmit, 319 Patriji oii, ipiot.-d, :o3. 4.5, 4»L 

/t..«y,orti 2rk\ Pc.i bti;,'. 3'2('i; miltiew, 325; rust, 32'3; 

• •range. <'atifor[tu «pidiT, 321 : eiietui< ' wt-evil, 32<i. 
and diM-a-o-i, ;;2o 324 : tllov- r's -calo. Pea-, .atb eied by cojiper salts, 2:b5. 

3-22; b-af initi-, :;2] : n,,tch< r. 32l ; 'cab. 15 arii, blai'k aphis, 3,:l-j ; .pot, :!27 ; borers, 
treatment. 97; 'pot. 32! ; ["iig 'l ab-. ;212; biowii rot. 32'; curl, treatment, 

322: iiioaly-witu;. 321; mill-, 321; 47, 329; ctiomif' and di'i'asc*. 327- 


oV'tiT-'h'-ll 'calc, 3/22 ; rnl spidi r. :’r21 ; ! 3.;’j ; Frrni'liinL’. 329 ; fruit rut. ; 

spoiti-d mite, ;V21 ; rii't-miii-, 3,2g ; • b af curl, ; ru't. 331 ; mildew, treat- 


rasp Wry. San do',' 'Call'. 323; ‘ 

.si'.'tb, 320; spider, 321; tree.', tre,at- 
nif-nt of, l,5o, 

rircluinls, old. 9p»niying of. 2l’s-22U ; j 
sprayiil and 'Pick, 23-4. 

Oregon w ash, 1I12. 


tii> nt, b*. 15, 3/52; ro'ctic, .'tt2 ; twig 

blight. 32'; >cl!ow«. :hl2. 
pear blight, cvperlmeiits on, 97 ; borer', 
24'', 3;5; bud-inotli. 24'', cigar- 

c,'i«e be,'»rcr, '25|. !4^!5; co«|iin iiudh, 252, 
a;Vi ; curciilbi, 2,V», :W5 ; early treat- 
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ment with fUnplcMes, 4T ; enemies and ' 
diseases, i-tW-lWli ; tin* blii^ht, ;}!I4 ; fniit 
sjiot, JWl ; ieaf :W5 ; Idister, SWd ; 
jiiidjfo, AW ; jtsylla, IWT ; rust, ‘24Si, ; 

sndi, :i;W ;'sUlfr, :Ws, 

Pearl uslie.s, 11. 

Pear.son, A. W., (iiioted, &9, 1)0. 

Peck, W. P., ineiitldiied, 1H6^ 

Pecrle.ss nozzle, 190. 

PewjxUil J/umittonJi, 25T. 
l»e{.|.er, f), 11,1-4, Id. 

I'eiildor, T., mentioned, 104. 
I‘er(>nt,nport( efuna^ Schleidfni- 
HIO; Vioht\ SOd : 

Arj ; see also Downy mildew ot ^'rape. 
Pero.Kide of silicate, 1 1^, 

Perret, .M., .im.ted, 4d, 145. 

Perret's mixUire, 47. 

Persian Insect j»owder, 103. 

Petit, (juoted. 40. 

Petr<tlemii. 5. 152. 

Pheiilc iwiid, 5o, lAi ; and j^raiie mildew, 
‘J4. 

Phenol. i;W. 

Phftijrthouihin CitraUnn, 370; rehux^ 

371. 

Phmtut «rieo/o, 207-3 ih), 

ph^rrhiii -JOs ; i 32o. 

Phosphale ot'c<i{i]HT. 44. 

Pluij^tipffrh foiiijitit litf. 30d. 

Ph}tt<jini4{ht)ii ; rose. 

; j<pfi'inKlt m , ;>(iO. 

/ V ( ijIhmtU ti 1 Arf! liiritiiiciiln. 

:!t'o ; i iifippie, ‘273; hurturinii, '2‘.xi ; 
/;</(/*/?•/. ;W2 ; I'ititiUi. 

Phyllo.Nera, trcalineiit i>f, I3.'i. 
I^hytophihiini i’e/< 347 ; /’/o/seo/i'. 

}‘fnj(i,}>tHn Pprt, AW. 

/VcKfJM/ cJ-<o/sO, lt>5. 

Pierce, V. 15.. (jlKded, 230. 

Pli-rlx Pit jut', -ids, 

Pijre.ill llutlj'. Id, 

Pine UlC, M. 

Pinolinl, i{iioted, ‘21. 

Pi,'«tons, jtaekin^'. ‘210. 

Plane tree. A50. 

Plant -Ini^r, Mack-lined. O"! ; four-lined. 

-2's7. -21Kt; tami-lusl. on s tra wherry, 3 dd, 
Plaiit-llee, Ho'n; early reiiicilics {or. .5, 

J’lanmodiophoru Jinihxn'ir, 2(10, 
Pldxmiijtttni Ciifu nxifi, 2n 3, 314, 
Plaster, carboUzetl, 134. 


Plom'irfktiu morbom, 275, 340. 

Plum, bliick knot. 111, S40 ; bhwldcrs, 
.‘54‘2; borers, ■24s, 34;^ ; brown rot, 330; 
bJhinoth, ‘24s, ;Ui4 ; canker-worm, 240, 
1*5 ; curciilio, 332, 34li ; ex|»eriments 
Alwood, ()!); (look, fiO, 70; (lilletle, 
■^71; Osborn, 70; Weed, 70-73; spray- 
ing for, ds-T4 ; treatment in New A'ork, 
73 ; Ohio, 73 ; enemies and diseases, 
^511-1545; gonger, 344; knot, 340; leaf 
blight. 33!) ; pockets, 34'2 ; powdery 
mildew, ‘241, ;44ti; rot, 3‘2!(, 343; scale, 
1444 ; shot-hole fungus, 339 ; slug, 275, 
345 ; wart, 34tl. 

Pluxid BrdxHit'te, ‘2dT ; cabbage, 267. 
Pneiim.atic pumps, description of, 192. 
Podechai’d's powder. 3'2 ; preparation of, 
168. 

Po(U,kphm a 241, 275, 331. 

Pod rust, bean, 261, ‘263, 

Pule, use of, 21'5. 

Pons. II., IK I ted, 1-2. 

Poplar, 345. 

I^o! aslies, 11, 

pi it. ash. IW; soap, 163. 

Potassium. Iftl ; cyanide, 149. 

Pola.ssium ferrocyanidc, sec Ferrocyanide 
ofpolassinni ; sulphide and >-mnt,31>; 
and wliale-oil soaii. ]sn; early u.se In 
America. 97: in Knglarid, 55; sug- 
gested. ‘24 : use of. 163. 

PoTatii, affected by Copper salts. 235; 
h.actcri:il bllL’ht. 349 ; beetle. ‘290, IWl ! 
appeaniJice of, IW : early spread of, 59, 
do ; first destroyed by Paris green. 6* ; 
blight. ;U7 : Img. IWI ; diiwny mildew. 
347 ; early blight, 345; treatment with 
rniigiciiles, 47 ; eneinu-s .and disea.ses, 
;’4,‘,-:i.vj ; e.viicrimeiits oKj in England, 
55 ; lleii-beetlc. 351 ; late blight, 347 *. 
rot. .447: and Paris g-rceii. IM: Hor- 
deaiix mixture lirst recommended for, 
‘29; treatment <if, Kki ; scab. iWa) ; 
sprayer, (.’limax. 194: Monarch, P.*5; 
spmvi rs, 221 ; sweet, see Sweet potato, 
36s; water, U>. 

Potatoes, spraying with force pumps, 
194; gravity inaehines, 194. 

Powder, David's, Al; guns. 2(4, 205; 
insect, li's); iVnleohard's, 32; tska- 
! w inski's. 1T9. 

! Powders .and lujtiids compared, *2(KV207 ; 
I application of, *205-2u7 ; first used 
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a^iiiist (Knvtiy mildtnv of grape, 21; 
ust^l grape inUdews, 32. 

IViwder)- iiiikiew, apple. 241 ; cherry, 'ITf) ; 
ciK'iimtkT, 2S8 ; grape, 3^1, ;UU ; ni^k- 
nietoii, .SU; plum, 241, ,34;? ; piim[il\u, 
314, 3^2 ; squash, 314, 3t>4 ; wateniieluihv! 
2S1, 3T3. 

Power sprayer, first form ajlvertisod, ! 
Uk? ; pas. fpfi ; steam, 123, 120 ; spray 
ers. 22t>, 221, 

Pr^vipitatetl copper earbonate, 137, 

l*Teparations for spraying, ll.VlSO. 

Prevcist, lionedict, qiiotrtl. 22, 

1*rillieujc, K., qiiottHl, ‘J-, 40. 

Principles of nozzle construction. 193. 

Privet blight, 332; web-worm, 8,'>2. 

Profits of spniving. 233. 

Psylla, pe:ir, 3;?T. 

Pxt/lia p^ricohi. 337. 

Putu'inia Miilrut'^ornm, ;?11. 

Ptioeron lanigi-re, 

Piiiiip. air chambers of, 210. 211 : ati early * 
jonn ret'ominenilt^ 'in Amcnea, W; : 
barrel. tnetln.'Kl of mounting, 212; <‘v!- j 
inders, 210; first fonii desigiusl for 
spraying, 191; handles, 210; horizon- | 
u’ -acting, 214. 2H>; newtyjd', 11*2; ](i^- i 
tons. 2i'i; valves, 2*,*'. 


llalln>ftd-wonu, of apple, 257. 

Kaln, action of on fungicides, 47. 

llaspWrry aiiihniciiose, loi, 355; cane 
borer, 357 ; rust, 3r>-5 ; enemieaand dis* 
eases, ;?,\5 85s; tnrangx* rust, 3f)5; red 
rust, 350 ; sa« t'y, 357 ; slug, 36T, 

Hatties, g'rpoe ".iSl. 

Haiiptudeim, 2.V). 

IJead'.s syringe, IS;?. 

lied o.vide of inercury, 52; rust, cran- 
l>erry, 279 ; raspberry, 35d; si>ider. lU, 
321 ; tn“,atiiicnt of, s'lO; si>otted mile, 
on orange, 321, 

Resin and Si'sia wash, 172 ; compounds 
and arse ideal s, l;?ii ; first use of. '>5 >7 ; 
Soap, preparation of, Ififi; wa.shes and 
arsenk-uls. 139 ; Ronleaux mixture, 
13fi; kerosene eiimisloii, 130. 

Resin washe.s, pre[iaratioii and use of. 

nn-i'ininnn, 2S0. 

Rig for s|irayiiig. 21‘'-220. 

Riley, o'. V., in France, 5l ; lnentioIl^^l, 
li'' ; ipti'ted, 59, tJo, 61 , 64, s5, 2u;? ; 
Hubbanl kerosene emulsion. I'sk; noz- 
zle. 2'g?, 294; on kenKSeiie emulsion, 
si. 

Rip<- ot. ai>ple, 249 ; graiH*. :?u,%; i|Uiiiee. 


Pumps and syringes, history of. lst-li)7 : ' 
liarrel. 2'*'9-2‘j9; brass for. 29”, 2"^ ; 
bucket, 2«>s, 21*9; cl<H'k, 217 ; durabib 
ity ipf. 217 ; kn.apsaek. us«.-s of. 2**s ; 
semi-rotary, 215 217 ; typesof. 213~22o. ^ 

Pumpkin, j^ovd* ri' mildew, 314, :?52. 

Pujia of insects. 22S. | 

Pyri thr-ckeroseiie emulsion, 1,V>. 

Pyn-thrum, -VJ ; and alum, 116; intr'o ' 
duftion ‘if. 7'; pnqiaratluri, !♦>?, 161. 
ust s .,f. iril; 16',. 

Pyrolignic acid, 52. j 

Quassia, 1-”, 17, H, 165; and »otp, 165, : 
166. 

Qiiiekiime. II, 12 ; chemistry of. 1,'xl, 

Quine.*, hbrk rot. iRiil ; blight. 32?!, :?,V! ; 
."n.*rnics and di-r:iss*s, ; fruit 

s{wi». rCfct ; ins.-cts aff.-i tlng, 6V,, «,*<■ 
ftUo A pple ; kaf blight, :i:M. ; spot. 

ri]»; ri>t, 24*), :?5i4 ; rust. 111, ;i5l. 


24ii. 3, '4. 

RoUtIsoI), doiin, ijiiotisl, 1*1. 

<turiinlii}i'n, ;?.M ; 

Rooi-toaggot, , abbiii,'’e, 26s ; Ireatiiieiit 
of, 1.2,; rot, tic.'t, 261; worm, south- 
ern Corn. 2s;i. 

Ro-e. black -pot, 1U2. :::.s; bug, 362; 
clialr r, :>62; > rn-iiii»-s am] dt.seascs. ;i.'.s 
3tZ; ; leaf blight. ;s.'>s; hoj({>s‘r. ; 
sptit, mildew, :?5y : and coj.per 

sulphate. 17 ; Piirogmidium, 3<l*i; rust, 
br2, :?6l, 

Ro^.■. nscil for spraying, 19s. 

Ro-o'it*'. |M*nrh, ;{;?2. 

Rot, bitter, gr;tf>e, .305; blax'k. quince, 
:2c{ ; sweet (lotato. JPis ; brown, grape, 
:',is*-;?ir2 : p<*arh, 32s: pliim,:?;?9: I'raii- 
lierry, 279; fruit, i>*'ac|i, :i2s; gray, 
grrijs'. ; pbiin. 32s, ;?4;? ; potato, 

; grajx*. :?o.’); lotnalo, 3Ti). 

Rubln-r in pumps, 20s. 


RadcIyfTe, W. F,. quoted, IT. I Rue, 1, 5, s, 

Ra.ii*h, inseeta alTfCttng, 355; see Cab* ' Rumsey h I’o.. meiitluijcd, lyj, 199, 191, 
bage. I 199, 
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Hunt, 242; lican, 2(W, bn^t, 2C)5 


oiine, of raf^pbi^Ty, li.V); 
(‘t‘l(Ty, 2"4; friiiTililt, 


Ti ; bollyliork, 
lill ; mite, oranfri-, ^22; onion, yii) 
pansv, :{24; pea, ;i2rf\];ear, 242, Jioo 
^juitice, n‘(l Anttihcrry, 2Til 

riispiterry, SSC; rose, yoin^s^wliiTi'y, 
HiU ; v(‘r})eiiii, 2sl, 872; v imef, 372. 

Kusts, of j^niiiis, 319. 

Sasjc, 7). 

Sfilii-v lic acid. ft'i. 

Saif, 9, 1 1 ; lime, and cojiper snljdiate 
wash, KW ; snlpljur wasli, 12>7 ; use of. 

Sand, <b 

San Jose scale. 3‘i3. 

S,ifitr>/(t ciunfiiht, 'id's; creUita, 243. 

Sapi-ophitio fiituri, 229. 

Sauii<icrs, W., iiiviitiuned, S3 ; (juoted, 
2 19. 2:>:i. 


I Sirocco Dust Sprayer, 205. 

; Skawinski, 45. 

: Skawyiski’s iron sulphate and .sul|ihijric 
i iicid, 1«9, 170; jxjwder, 44, 170; bul- 
! {ihiir, 44, 

' S'inifcrland, M, V,, rjuoted, 243,252, 2SS 
Sliitr, 311 ; cherry, 275; (.'rape, 305; pear, 
33S; ]dmii, 275, 345; raspbary, 367; 
strawberry, 3fi<i, 

Ships, K, 11. 

Smith, <}. >[,, mentioned, 08; John, 
(jiiutfcd, 75; J. Jb, quoted, 250. 

Smoke, tobacco, 177. 

Smut, barley. 2*11 ; corn, 275; hot water 
and, 3ir>-;tUt: ]fu>se oats, 315-319; 
wheat. 3ir)-.:!l9. 373; onion, 319; po- 
tassium siilpliidc for. 31S ; stinking, of 
wheat. 315 319, 373; wheat, and cop- 
per siiljiliatc, 31s. 

Smuts, treatment of, 106, 

Snail, 311. 


Sawtiy, currant, 2 h 1 ; gooscbprrv. 2“'5 ; ' Smitf. ITT; and sulphur, 176; uses of, 
170. 

'oap, 5, 6, 7, 11 : and ar.^i^eiiites. prepara- 
tion of, 1(11; carbolic arid. bU ; kcro- 
s(Mic. emulsions of, 1,‘et: lime wash.i 
171 : fiiia>;sia, Uhi. 166; soda wash, 
toluiei'o, 171: bluck. 'hi, 52: tish-oil, 
146.171: iMtiash. livl; resin, first use 
of. S.5: ]ire]iaialiun of. 166: standard 
rcmi-dy. 1> : use of, iTo ; whale-oil, 

Uses (,f. ITO. 

■^orla and aloes, 172; resin wash. 172: 


grape, 3o.'>; ia>]>iHrry, 
berry, 366 ; sweet putat". ;',6s. 

Scab, aiqib*. 213 247 ; lieel. 26.5 ; prape. ; 
294; orange, 320 ; pear, 243, 335; po- ; 

tatu. 3,.V,. . 

. eald. <T.aiiberry. 279. I 

Seale. liloYer’s. 322; inseet.s. tr('aim«nts : 

of, 7. M. b'Ht : plnin. 344 ; San Jose, 323. ; 
Selu ' le's preen. 120. i 

S> It>c ff„ .36S ; )irh'<tfi(x, 36s. | 

.Ve/( //e.( in)ihj, ni^ 259. 


Si'iiiiortr. 23. 37. 

Seliweinfurth’s precn, 121. 

Scriliiier. F. I.aiiisiin. ijuoled. 91 , 93,242, 
Sea. s^lul. s; -liells. s; watiT. 7 ; wi^rd. 
Seetioii of Veg. Ihitli, fniiiii1:iti<iti of. ;i2, 
."'reds, freatlllelit of, bt.5. 

Sel,iutfri<i < ceoxf, 275; I!uh‘i, 3.5”; 
iVf)*, 3o.\ 

Semi rol.arv pumps. 215-217. 

S. 33! » ; ^'Aeysou- 

Uunu, 275; Iti.mihi, 273; 

//«(, 274 ; A'/6(x, 2s5. 

Si silt tijiulifi'i'niin, 'Jsft, 

Shade trees. s(trayiiip. 195. 196, 363, 
Siieep, itijurt'd liy sprayed prape foliage. 


soap ash. 171; whale-oil soap wash, 
172. 

Soda w.(sli, 172. 

Sodium arsenate. 12o; cxperiincuts with, 
77 ; borate and grape unldeo . 23 ; car- 
bonate. 52: and copper sulphate. 36. 
44; chloride. MV.C hyposuljihite and 
c<ip]ier sulpliaie. 141 : lirsl u.sc of, '•s ; 
use of, 172 ; siilphiile wa.*b, juepara- 
linll of, 173. 

SoA ,‘'<uip and kerosriu*. 174. 

Soil, alVnUccl by copj^T salts, 236; in- 
sreticnles and funpieides, 23r>-237. 

Snot. ,5. 7, 13. 

Soetegni, 1... nu'utiiuied, 12S. 


2:4. 

Sh<-llii)p. pr:ipc, :U)4, 
Shot-lnde fiiiipus, plum, :i39. 
Shrubs, dti't. 

Slcbc's syringe, ISU. 


: Soufres des 'rapi'is. 21 , 

: Sour milk aiiil kerosene. 17»3. 

; Soiitlierii corn root-worm, 2s3, 

; Span-worm, elm, 291. 

I Syh\i<.'tUnna AvqiiUnun\. 294-296. 



398 


The Spraybig of Plante, 


SphitreUa Fragnriir, 864. 

Sphittiti, '2T«\ ^0; utot'hoM^ ‘2T5, 840. 

Sphatro}mif malorti>», 24). 

$phim4hfi.'ii Ctintiignei, S6f) ; ifors- 

MTIf, •21>2: 8iSy, 

Spider, oraiiLre, 321 ; red, treAiiiieiit of, 
810. 

Spinach, antbracnose, 363 ; lulidew, 

S[»(tre.<. 11 of, 22S. 

S[>ot. black, of rose, ; carnalion, *2TH ; 
le.af. of rose. ;>b>. 

Spotted ciicinnber-Iieotie, 2S8. 

Sj»r:iv, character of "ilS, ; ma- 

cliitiery, care of ‘224. 

Sprayed fruit, keeping qualities of 

Sprai er, dust, Sin>cco. ‘2‘>5 ; power, first 
form .advortiseHl, UW. 

Sprayers, potato, ‘2*21 ; power, ‘2‘2t>, ‘221. 

SprayiiifT, detiniiioii, 3; in .Xmerica. ,V2- 
114; in l>‘s6, ; in '.I'J-lii'.' ; 

in I's". lit'i. pr}; in lir-t-iot; ; in 
ISiiif Ptfl-lo''; in 1>J1, lu>-Hu: since 
l’sS'2. 1 I'M 1-2; in Australia, .’)T; fanada, 
112; Kn^Uind. M ; Kurope, M ; France 
in I"".'). ‘21); in l^s6, 8u ; in WsT, 34; 
*n 1S>S. 3s , in 41 ; tleniiany, .'4 ; 
Ij'ly. W; Nova Scotia. 113; l.a\v,s. 

: Hiachine, ras enL’in)*, Un'» ; 
steam po'ver, \% : iiucliincry, '2oT-‘2'24 ; 
early forms, iiietinMi of ■2‘2t'>: old 
orvhanls, ‘21''; profits i»f ‘23?; tank, 
■21', '211* ; value of 23T, 23". 

Squash. Insects atf^H'iinif, 314, 864; pow- 
dery mildevi-, 314, 364. 

Standartl Bordeaux mixture. Pi", pld. 

Starr, K. W., qu(*ted. 113. 

Steam .sprayinL'^ machine, lit.'), 196. 

Stcely-lnii.'. ‘{rmpe, 3(Hi. 

StiukiHif smut, wheat, 31.'>-319, 373. 

.'•toek in .'pray*'! orcbanl.', 2;Vf ‘2;J4 ; sre 
lutions ,sui.»ye.^te(|, 

Stniwberry. leaf Wivrht, 861 ; roller, 366 : 
mildfw, 36>.>; rust. 364; sawtlv, 366; 
sluir, sunburn, 364 ; tanil.shed 

plant-bui:, 366. 

Stri(o'<l cucuinber-lieetle. 2s4. 

.Strvflinine. 7.5, 

Stti'ar, and copfier compnunds, 173. 

.Sulphate, of ammonia. 44 ; uf copper, 1 42 ; 
sec al.so Copi>cr sulphate; and wheal 
smut, Dll; of iron, see Iron stilpliate. 

Sulphaied :tulpbur, 44, 174 ; vcrdet, 44, 


I Sulfivline. 38; analysis of 119; In Au.s- 
tndia, 57 ; powder, preparation of 
174. 

Snl])hi(lo of limo^ 16; preparation of, 
159 ; pot as siting 51, 190 ; and kerosene 
I'mnlsiiin. l>0;,,omit.s, 8ls; in Kn>,dand, 

I .V*; Si>da waiJ.f ’pre[inration of 178, 
9nlphocyr>..ioe of copper, 44. 
Sulpbo.saeeharate of ctqiper, 42, 173. 
Snlphostealile, 44 ; early use of 83 ; In- 
tnKluctloii of 174; tested, ds, 41 ; value 
of. 49. 

: Sulphur, 16, 11, 12, 13, 175; and co[)pt'P 
i hydi'.He. 44 ; cu|>rophos]iliLite, 44; lime 
! mixture, 147; powder, 176; iye, 1.51); 
j snuff 176; sulpho,‘teaiiie. 4;i ; whale- 
oil soap, 176; In .Vinerir.i, ss ; salt, and 
I lime wash. 157 : sulpliuted, 44, 174 ; use 
Ilf, in ^meenliousv. 367. 

Sulphnn-t of poiasdittn, 16). 

Sulpliuric acid. 45; and copper sulphate, 
143; iron siilphiite, 161), ITl); as a 

funiriei'ic. ‘22. 

Sunburn, strawlK-rry, 364. 

Sun-.scald. celery. 274. 

Sweet potato, black rot, 369; golden- 
bc;:s. 369; leaf-mold, 36"; s{M>t, 869; 
SiiwMy, 36' : torloise-lteetles, SOD;* 
white molil, 36', 

Swin;;l<“. IV. ’I'., mentioned, 166. 

Swit/er. S.. iiiiotCil. 15. 

Sycamore leaf blL'lit. :-6l). 

; S’/iu h i/trl UDi , 279, 

Syrtnue. 7. 

I Syrinoe.s. early forms of is); uses of, 

. 'isf 20''. 

SyriuKint'. definition, 3. 

‘ Tank for sprayint', *219, '220. 

Tank', a;,niati!rs for, 211-218. 

Tanner s Icirk, >. 

Tari'y, 5. 

Taphrlna. 47. 84‘2. 

Tar, 136 ; water, 11. 

^ Tarnished plant-butr, strawberry, 366. 

Tasmania, spray ino in, 57, rcs. 

! Tavelure. 47. 

1 Tent ealerpillars and arsenate <if leiol. 
77 ; on apple. ‘Jfn : for ^as trentment'. 
i:sh 

'/'finttiijcfiux lfhnf«‘ul*ituM, 869; 6-j«6 
rtihitiiH, 821 ; tdtiriux, 810, 

\ Thacber, J., quoted, 7, 8, 9. 
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Thick-thighed wii) king- stick, &1. 

Tlihp, grupe, JiUC. 

Thriim, 1(». 

TiUenaf>iifeuH, m, 873. 

Tmetocevii oceUnnn, iV), 

Tohiicco. 8, m, 11, IH, and soap, 

ITl ; fur plaiit-lico, 5; "f analysis 
of, llH; sti’ttis, nso of, 308 *, iisus of, 
17fi-17s; wciriii,8"0, 

Tomato, bliglit, 37y ; rot, 870 ; llrst treat- 
meiits of, 28, 29; treatnicnt of, IW; 
worm, 87. 

'rortoisi- bfurlus, swuc-f. [nilato, SCO. 

ToKZt'tti, A. T., (piotod, 145, 

Tr:iiii-(*il. 7. 

Tnjintit pomanelhi, 2.57. 

Tseliiivh, A., (juulerl, 285, 

Tuck, ijiiotod, 1C. 

Turnip ily, 18 ; maggot, 2C3, 372. 

Tiiciii-ntijiu, .5, 8, U. 

Tu.s.sock-muUis, 818. 

Twig Might, puai'h, 823 ; pear, 334. 

'J'>Ji*h(ocyhi( rojoc, 8fl8. 

I'm'iufiiti 30.3, 304. 

T'rini-, 4, 7, 1C. 

319. 

(/(■(* y>Vf<r, 2Ct5 ; C'ir]/oph>jllinui<, 
272: o//, 2<>i, 

dW7^</(/r) 270; !r;'j7io/,315-;319, 

878. 

Valves, 2C>. 

Vmnumi iinfinpa^ 878. 

Vi I'itlrtnit 148. 

VerM'na mildew, 28l, 372 ; mite, 309; 
ni-t, 2''1, 872, 

Verdet. 11. 187; snljihat(Hl, -14. 

^ erdigris, 187. 

Veriiiiirfl, nozzle, 204; with bnce, 2(Vt; 
V.. mentioned, 2u8, 2(4. 

VigiiiintiiY kiiaps.aek [iiimp, 187, 18S ; 
nuzzh-, 2iil. 

Vinegar for o.Tnker, 4; ch'aiilng grapes, 
10.5; jri.scvfs, 11 ; in kerosene emiil- 
siun.s, I.”!:!. 

Vine-worm, cranl'eny, 280. 

VitK-yards, Aineriean, and ftingi, ?t>; 
early treatment of. 90 ; conmiereial 
treatment in .Vnieriea, 105, 

Violet, dlsrase, 872 ; mildew. 324, 872 ; 
rnsU 372; .spot. 872. 

Vllriol, blue, 1 12 ; greeu. 151. 


1 Volatile alkjili, 116. 

Volutdla^ sp,, 271. 

Walnut leave, s, 7, 11, 13, 

W'ariier’rt syringe, 1^. 

W'a.sh for insects, 6, 178; rcsia, flrsk 
made, 85. 

W'ashe.s, clay, 178; resin, preparatlOD 
and use of, 16C-1C9. 

Walter, 11, ITS; cold, 179; hot, 11, 179; 
for smut, 815-818; sea, 7. 

Watering can, deseription, 133, 183. 

W'atennelon anthracmese, 201, 373 ; pow- 
dery iniidew', 2S1, 373. 

Wt‘bster, F, M,, quoted, 251. 

W't-b-wonn, fall, apple, 2,56; parsnip, 
325 ; ju’ivet, 852. 

"Weed, 0. .M., and plum curculio, 70; 
tjuoled, 1(1.5, SCO. 

W'l'od, H. K., mentioned, 197. 

'Weevil, bean, 208: jiea, 326. 

W5-igelia, in-sects alTei-ting, 236, .373. 

Wi'igtits and iiieasiires. 3y2, 38.3, 

Wh llhoiise, mizzle, 2(.i0, 210 ; Walter, men- 
tioned, 200. 

"Whale-oil, T; soap and lye, 1,59; potasj^ 
siiim fuljiiiiiie. ls<); snda wash, 1^; 
Miljihur, 17ti ; lirst use of, 14; usp of, 
179. \ 

Wlieat, loose smut. 315, 319. 373 ; fist, 
819; smut and <‘()pp<T Kiil[ihate, plS; 
stinking .-nmt, 31,5-;iI9, 373; arsenic, 
lit. 

W'hite arsenie. 117, see also Arsenic; 
liellebore, 148, see also Hellebore; 
mold, sui-et pot.ato, 3CS; o.nide of 
arsenic, 117 ; scaly coectis, 10, 

"Whitman’s fountain pimi]i, 1:^ 

Wliitiiey, A. 11., quoted, G7. 

Willard, 8. J)., (piuted, 73. 

WlIIow', antiopa butterdy, 373; worm, 
27S, 292, 873. 

"Woovlchucks, treatment of, 135. 

Woodwanl, J. 8., (luolcd, 63, 64. 

W'oolly aphis, 10 ; destruction of, 50; 
on apple, 259. 

Worms, 11. 

Wormwood, 5, 7, 8. 

Yellow-lined curr,ant-bng, ’3S7. 

Yi'Ilow prussiate of potash, 146. 

Y (iilows, \»eac!i, 882, 

I Voujig, l.iiwTence, (pioted, 16. 




THE GARDEN-CRAFT SERIES. 

By L. H. BAILEY. 

||NDER this Macmillan & Co. are issuing a series ot 
handbooks upoii horticultural practices. The books ex- 
pound the accepted methods of performing the various opera- 
tions of the garden, orchard, and glass-house, in simple and 
direct language. They are bound in flexible cloth, and are 
designed to be carried in the pocket, and to be used by busy 
men. Various subjects are now in preparation. The Horti- 
culturist’s Rule-Book and the following have been already 
issued ; — 

PLANT-BREEDING. 

BY 

L. H. BAILEY, 

PllOFl!5SOR oy HoimCULTVftE JS THK CORNSJ.L UNIVERSITY; EjMTOlCW 
“ The Rlkal Science Sekiks, " Etc, 

I 3 MO. 393 ptKCE. Cloth. Price Si, 00. 

CONTEKTS, 

I.ECTCRE I. The Fact and Philosophy of Variation, 

“ It, I'Ke Philosophy of the Crossing uf Plants. 

“ 111. Specific Means by which liarden Varieties originate. 

“ IV. borrowed Opinions, of B. Vcrlot, E. A, Carri^re, and \V. 0, 
I'ockc, on Plant-Breeding. 

“ V, Detailed Ifirections for the Crossing of Plants, 

Cl.OSSARV. 

THR MACMILLAN COMPANY, 

66 FIFTH AVENUE, NEW YORK. 



The Horticulturist’s Rule-Book. 

A COMPENDIUM OF USFFUU INFORMATION FOR FRUIT GlfcWERS 
TRUCK-GARDENERS, FLORISTS, AND^WHERS. 

By L. H. BAILE^ 

Pr(2fes5<.'r i]f Hi'rticulturc i» the Cc<rttt‘ii Unhtrsitf, 

Fourth Edition, with Many Additions. 


Umo. 31a pages. Limp Clotti, 75 Cents. 


Tfiis volume is the only attempt eetT matie in ibis cotintry to co<lify and con- 
dense all the scattered rules, piaciiees. reeipe-, tii^ures, ami histories relating to 
horticultural practice, in its broad' >t smi-e. It is nuicn condensed, so th.at its 
' *hree hundred pages comprise -cvcia! thuiisami facts, the greater part of wliich 
tK^: busy man would never pi.>s.-'.‘'S if lie were obligcrl to sraicli tlieni out in the 
vOiV^minous literature of recent \ear-. All the approved methods of fighting 
insect and plant diseases used and discovered by all the experiment sta- 
tions f .e set forth in shape for instant reference. This feature alone is 
worth -he making of the book, 

.Amo igst the additions to tile Volume, in tb.o present edition, are the follow- 
ing: A chapfer upon ” Grtreiiiious.; .uid Window-g.irdr-n Work ;ind 1-Ntini,atrs,” 
comprising full estimates .iml t.d)l<-s oi healing gi,is>-hi)uses, li-i of [>!anls for 
forcing, for cut tl'.w. ji, f<;r wimlow-garderi', a(iu.u;a,and tlie lik*', with tt-m* 
pcrltures at wiiich m.inv [il ,iie gio.Mi, diieciions for ni.rking jjotling-e.utli 
and of c.iring for jilants, etc. ; a eli.ipter e.n ‘‘ I .it' r.itiire,” giving rla-^itieil li-t... 
of tile leading current writing- en Aimejc.in borticnliure, witli publisher's 
address'‘s .imi price-. ,ind a list of pen.,flival-, ,'uid directories of nfltcers ol 
whom the bulletins of tb-; V ici-ej- exp.-rinr. nt -t.itions m.iy be obtained ; li^is 
of self-fertile and self.-tenl,. fi nits ; a full iiccoimi of the nietliod of pt-'di^fing 
frosu and of awning ihefr iniuti'-s: a di-eu-'ion of the aims and methoiK of 
phenology, or the T'-eord f>f clim.ite in fi:'> b:''oniing and b-afing of trees; the 
rules of nomentlatiir-; lojopn d ijy bot.nii-ts .ind iiy various liorticuliurai soci< - 
Mes; score-cards and .si.i'es of point- for judging v.n ems fruit-, vegetali'e-. and 
flowers; a full statement of the metric .-y-!< ni. and tables of foreign money. 


THE M.ACMIld AX COMPANY, 

66 FIFTH AVENUE, NEW YORK. 



THE RURAL SCIENCE SERIES. 

NOW readV. 

The Soil. By Fra\ki.in II. KiNt;, Professor of Agricultural Physics, 
University of Wii\;:onsin. 1 61110. Uoth. pp. 303. 75 cents. 

The Spraying of Planet By Kknfst G. Ludeman, Cornell University 
pp. 399. ^1.00. 

IN PREPARATION. 

The Apple in North America. By T.. II. Barky, Kditor of the Series 

The Fertility of the Land. By L P. UuitKki.s, Coruell University. 

Milk and its Products. By II. II. Cornell University. 

Bush Fruits. By Fkkd \V. Caku, University of Nebraska. 

The Grass. By W. II. Bkkwkk, Vale College. 

The Feeding of Animals. By W. il. Jordan, Experiment Station of 
Maine. 

Leguminous Plants and Nitrogen-Gathering. By K. \V. Hilgard, 
University of California. 

Irrigation. By V. H. King, author of “The Soil.” 

Seeds and Seed-Growing. By Uii UKRT H. Hicks, Curator of Seeds, 
iMvlsion of Botany, Department of Agriculture. 

Physiology of Plants. By j. t'. .Crtmi k, Purdue University. 

Pathology of Plants. By 1 C 'W Cai.i.owav, Chief of the DivisVjn of 
Vegetable Pathology, Department of Agriculture, assisted by .ykavun 
P', Smjih and Auu:ki P. WuuDS. 


I INDUR the ctlilorshij) of Professor U. H. Baii ky of Cornell University, 
^ M.m Mii.i.AN A; C11. purjiosc issuing a series of l)ooks upon agrieultu- 
r.ii suiijeets to be known as the Rural Science Series. These volumes 
are designed to treat rur;d sul)iects Uiiidaincntally, setting forth »in readable 
firm the latest and Iwst science and opinion as aj^plied to agriculture in 
its broadest sense. \\ hilst il is e\]H‘cted that the hooks shall describe the 
« urrent practices of rural <iccii)iations, it is nevertheless their chief mission 
to expound the prituiph's which underlie tliese practices, and Urereby to 
1 ad, by true educational inetlio<ls, to the betterment of every rural pur- 
suit. Tliese monographs are to he written by men of recognised attain- 
ments, in various parts of tbe country; and it is expcctc<l that the seric: 
will be continued frtmi year to year until it eventually covers the whole 
(leld of agriculture. 


THE MACMIEEAN COMPANY 

64 66 FIFTH AVENUE, NEW YORK 









